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THE behaviour fine suspensions micrococcin and carbon when injected 
intravenously has been watched normal and tuberculous tissue transparent 
chambers the rabbit’s ear (Sanders, Florey and Wells, 1951). Though par- 
ticulate material embedded agglutinated platelets adhered the vessel 
around tubercles, did not appear pass readily, all, into phagocytic cells 
the edge the growing tubercle. When thrombosis occurred the vessels 
owing the advance the tuberculous process, particles micrococcin were 
left along the course the disintegrating vessels the caseous material forming 
centre the tubercle, but these had apparent effect the growth the 

was thought that some the lack success the treatment experi- 
mental tuberculosis with particulate micrococcin (Markham, Wells, Heatley and 
Florey, 1951) might due the small amount present the tubercle itself 
and the phagocytic cells containing tubercle bacilli not acquiring any. was, 
however, shown many years ago that dyes such isamine blue, trypan red and 
trypan blue penetrated experimental tubercles the rabbit and guinea-pig and 
even stained the caseous material brightly (Lewis, 1912; DeWitt, 1913a and 
These dyes not dialyse through cellophane and are spoken 
but they can undoubtedly leave the blood-vessels and concentrated tissue 
macrophages. After had been found that insoluble micrococcin could 
obtained apparently colloidal solution (see below), the experiments recorded 
here were done test whether such material would behave vivo like the dyes 
mentioned above, and possibly more effective than particulate micrococcin 
against experimental tuberculosis. 


EXPERIMENTAL. 
The solubilization micrococcin detergent solutions. 


Particulate micrococcin injected intravenously into mice partly excreted the bile, 
which reaches concentration many times greater than saturated watery solution 
(Markham, Heatley, Sanders and Florey, 1951). Tests vitro showed that micrococcin 


his 


was much more soluble solutions bile salts and various synthetic detergents—anionic, 
cationic, and non-ionic—than water. Among the non-ionic detergents was Triton 
1339, watery solution which, known Triton A-20, was reported Glassman (1950) 
practically non- toxic animals. several preliminary experiments the following 
method preparing solutions micrococcin this agent was adopted, such solutions 
being used for nearly all the vivo experiments reported below. 


finely divided suspension micrococcin was prepared adding water—and 
afterwards little sodium chloride—to ethanolic solution, centrifuging down the 
solid and washing once twice water, described Markham, Heatley, Sanders 
and Florey washed, finely divided precipitate was evenly dispersed 
water sucking and down pipette several times then the calculated quantities 
sterile solutions Triton WR-1339* and sodium chloride were added. The final 
concentration micrococcin was mg./ml., and Triton and sodium chloride per 
cent and 0-9 per cent respectively. The suspension was thoroughly shaken after each 
addition, then made volume and agitated gently for several hours, preferably 
37°, any suitable device (e.g., that Heatley, 1941). The milky suspension 
gradually became clearer and more viscous, and usually within hours was only very 
faintly opalescent. prolonged standing set fragile gel reminiscent egg- 
white, but shaking returned viscous fluid. The character the solution 
was the same electrolyte was present. 

Occasionally this solubilization did not proceed completion, matter how long 
agitation was continued. reason for this was found traces acid alkali neither 
prevented nor encouraged it, and was immaterial whether sodium chloride was 
present. The fact that often only some the phials batch behaved this way 
suggested that imperfectly clean phials screw caps might responsible, but 
view the scrupulous care taken cleaning this seems most improbable. 


Triton WR-1339 (referred below Triton syrupy brownish-yellow non-ionic 
watery solution dilute acid alkali, though owing its solubility decreasing markedly 
with rise temperature may separate second phase during heat sterilization is, 
course, readily re-dissolved when cool. practically non-dialysable through cello- 
phane. Its reported low toxicity has been confirmed, mice tolerating least mg. 
injected into the tail vein without any immediate delayed effects. The intravenous 
injection 200 mg. into decerebrate cat caused significant effect the blood pressure. 


Estimation micrococcin and Triton tissue extracts, etc. 


Owing the powerful depressing effect Triton the antibacterial action 
micrococcin (see below), the usual microbiological methods assay for micro- 
coccin (Heatley, Kelly and Smith, 1952) were not applicable when unknown 
amount the detergent was present. Triton did not, however, interfere with 
the estimation micrococcin fluorimetry ultra-violet absorption. 


chemical method was available for the estimation Tritont and methods depending 
changes surface tension were hardly applicable tissue extracts. was only very 
slightly fluorescent ultra-violet light. water ethanol had broad absorption 
band with maximum 278 my. Law was obeyed for con- 
centrations 0-6 mg./ml., and per cent ethanol 17-75; there was 


absorption 345 my, which micrococcin had 177-5. Thus was possible 

estimate each the substances separately mixture the two measuring the absorp- 

tion these two wavelengths. Unfortunately the accuracy for Triton was low, for the 


The Triton WR-1339, product the Rohm Haas Company, was kindly supplied Messrs. 
Chas. Lennig Co., Ltd., 18-20, Buildings, Adelphi, Strand, London, W.C.2. 

Since this work was done the methods Shaffer and Critchfield (1947) for the determination 
polyethylene glycols have come our attention. seems that they are applicable Triton 
though perhaps scarcely sensitive enough for use the present work, 


EFFECTS MICROCOCCIN-TRITON 


following reasons (1) the low extinction coefficient the detergent (2) the high extinction 


coefficient micrococcin 278 290), means that any error micro- 


estimation will automatically introduce error opposite sign more than sixteen 
times great weight basis the estimation the (3) tissue extracts 
per cent ethanol have themselves absorption 278 which not only fairly large 
serious—differs somewhat from animal animal, especially for liver and intestine, 
that blank corrections are unreliable. 

Although Triton was estimated many the experiments reported below, only 
few cases were the values felt sufficiently reliable quoted here. 

Micrococcin was estimated fluorimetrically and/or absorption. good many values 
were obtained both methods and the whole agreed well. 

The tissue extracts were prepared described Markham, Heatley, Sanders and 
Florey (1951). 


Observation micrococcin histological sections. 


The detection particulate micrococcin frozen sections tissue fixed formol 
saline means its brilliant purple fluorescence ultra-violet light has been described 
Markham, Heatley, Sanders and Florey (1951). some the present experiments the 
sections were stained with acridine orange, making micrococcin appear bright yellow 
ultra-violet light. The details its distribution could easily made out sections 
stained this way. Some loss the solubilized micrococcin from frozen sections always 
occurred during their manipulation before mounting. They were examined soon 
possible after preparation. 


RESULTS, 


Antibacterial Properties vitro. 


Triton alone high concentration (up per cent more) had influence 
the growth vitro several common laboratory bacteria. wide range 
concentrations could replace Crill the liquid medium devised Dubos 
and Davis (1946) for the cultivation the tubercle bacillus dispersed form 
the growth was prompt, but possibly trifle less profuse Triton than Crill. 


The effect Triton the antibacterial action micrococcin. 


Triton profoundly depressed the antibacterial action micrococcin. Thus 
the titre micrococcin against read after overnight incubation, was 
reduced from 12,000,000 400,000 the presence 0-1 per cent Triton. 
The effect was more pronounced with Staph. aureus strain 491, and still more 
with Str. pyogenes strain 10. prolonging the incubation the titre fell 
progressively, whether Triton was present not. Other detergents such 
Crill (or Tween 80—used the Dubos and Davis medium) had similar 
antagonistic effect the action micrococcin the common non-acid-fast 
bacteria. 

Several difficulties arose when attempts were made test the effect Triton 
the action micrococcin against Myco. tuberculosis. For example the control 
cultures should have contained detergent any kind, but would then have 
been difficult compare the end-point medium giving diffuse rapid growth 
with that medium giving the granular slower growth which takes place the 
absence detergents, especially the end-point changed with incubation time, 
did with the non-acid-fast organisms. Then again, results were often ob- 
scured the precipitation micrococcin those tubes containing higher con- 
centrations the antibiotic. was suspected that Triton depressed the activity 
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micrococcin against Myco. tuberculosis, had depressed against the non- 
acid-fast organisms, but clear demonstration this effect was achieved. 


Toxicity the Micrococcin-Triton Solution. 


mice. 


The material commonly used contained mg. micrococcin per ml. per 
cent Triton and 0-9 per cent NaCl. Although was viscous dispersed rapidly 
dilution vitro, that slow intravenous injection was considered safe. Mice 
weighing were used throughout. 


Single intravenous mice given ml. the above solution mg. 
micrococcin and mg. Triton) suffered ill-effects. They were killed good condition 
intervals days after injection, having gained weight normally. 

Repeated doses.—In the first experiment 0-5 ml. the same solution 2-5 mg. micro- 
coccin and mg. Triton) was given intravenously mice almost every day. One mouse 
died after the first injection, which was given too quickly. Two mice whose abdominal 
cavities were distended the time the fifth injection died immediately after it. The 
distension was due clear fluid, containing not more than micrococcin per ml. 
The omentum and pancreas were very though the other organs looked normal. 
There was fluid the thorax. 

One mouse after receiving injections days appeared sick and was killed, and another, 
having received mg. micrococcin, was killed the i8th was sick and had lost 
much weight. 

Six more mice were killed good condition intervals 12, 15, 18, 26, and 157 
days after the first injection, having received mg. micrococcin doses. (The micro- 
coccin the organs these mice recorded Fig. 10.) 

The data second experiment similar lines are set out Table The mice 
this experiment all remained well and active. 

Histological observations.—Frozen and paraffin sections were examined the spleen, 
liver, lungs and kidneys all the animals that received multiple injections. The frozen 
sections, examined ultra-violet light, showed that the spleen, liver and kidneys contained 
fluorescent cells, while most cases little could seen the lungs. Paraffin sections 
showed that numbers Kupffer cells and cells the red pulp the spleen had bulky 


DESCRIPTION PLATES. 


Fic. 1.—Liver mouse which had received mg. micrococcin Triton doses 
days. Killed days after last dose. Photograph frozen section taken U.V. 
light shows collections material the liver lobules. Haematoxylin and eosin- 
stained paraffin sections showed that the fluorescent areas corresponded collections 
cells with foamy cytoplasm and with nuclei compressed one side the cell. They were 
not giant cells. 2/3” objective, eye-piece. 

Fic. guinea-pig (see Table II). The cells are the red pulp 

and corpuscle free from such cells. 2/3” objective, eye-piece. 

3.—Histiocytes bordering blood-vessels transparent chamber the rabbit’s ear. 
The micrococcin had reached the histiocytes from the blood stream. Photographed with 
ultra-violet light after the administration micrococcin days. 2/3” objective, 
eye-piece. 

Fic. 4.—Spleen same rabbit Fig. phagocytic cells the red pulp crammed 
with light. 2/3” objective, eye-piece. 

Fic. 5.—Lung same rabbit Fig. Shows phagocytic cells with micrococcin the 
parenchyma the lung. light. 2/3” objective, eye-piece: 

Fic. 6.—Kidney the first rabbit from which thoracic duct lymph was collected. The 
vessels the glomeruli are filled with fluorescent micrococcin. Ultra-violet light. 2/3” 
objective, eye-piece. 

7.—Lung same rabbit Fig. Shows emboli fluorescent material the 
blood-vessels. Ultra-violet light. 2/3” objective, eye-piece. 

Langhan’s type giant-cell the parenchyma the liver tuberculous 
guinea-pig treated with micrococcin-Triton. Haematoxylin and eosin. 400 approx. 
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foamy cytoplasm. the animals that had lived longest such cells tended grouped 
together. The appearance such fluorescent groups the liver shown Fig. 

These observations showed that fluorescent micrococcin entered phagocytic cells lining 
the blood sinusoids the spleen and liver without causing any histological lesion. 


TaBLE I.—Second Experiment which Repeated Intravenous Injections Micro- 
coccin-Triton Solution were given Mice. The Solution Injected contained 
mg. Micrococcin per ml. per cent Triton and 0-9 per cent NaCl. 


All mice were well when killed. 


Duration 
Mouse Dose (ml.). No. course killed Weight (g.). 
after first 


No. Single. Total. injections. injections injection. 


(days). 
0-25 


Gave birth young during the experiment. 


There were, however, obvious changes the kidneys mice receiving repeated doses 
ml., though little none when the doses were half this size. described below, 
considerable amounts the micrococcin-Triton solution were arrested the glomeruli, 
where excited macrophage reaction, many the glomeruli being disorganized and the 
vascular tufts disintegrated. They contained considerable amount hyaline 
staining pink with eosin. some the most damaged kidneys there was fibrous tissue 
around the glomeruli and scarring the cortex. Some tubules contained hyaline casts. 
The kidneys control animals that had received the same amount Triton without micro- 
coccin showed changes. 


guinea-pigs. 
Two guinea-pigs given repeated injections the usual solution, summarized Table 
II, appeared well when killed. 


Micrococcin Guinea-pigs, after Repeated Intra- 
venous Injections Solution containing mg. Micrococcin per ml. per 
cent Triton and per cent NaCl. 


Guinea-pig 
M2. 


Approximate single dose (mg. 

Total dose micrococcin (mg.) 

Body weight initial 

final 

Day killed (after first injection) 

Total micrococcin (mg.) found liver 
spleen 
kidney 


Percentage total dose recovered above organs 


+ re 

Final. 
20-2 
21-5 

4 

429 

567 

58-4 

5-0 
0-1 
0-3 


Histological observations.—Frozen sections the spleen (Fig. and liver and thick 
smear bone-marrow showed the presence large numbers cells which contained 
micrococcin, but few such cells could seen the lung. The kidneys both 
animals showed some damaged glomeruli similar those the mice, but they were not 
numerous. The other organs examined showed nothing remarkable. 


The histological observations just recorded showed that phagocytic cells 
the liver and spleen were capable abstracting micrococcin from blood when the 
micrococcin injected had been solubilized Triton. Information whether 
the use such solution enabled micrococcin penetrate normal vessels and 
reach histiocytes could best obtained observations living vessels 
transparent chamber rabbit’s ear. rabbit with such chamber was given 
fourteen doses each about ml. the usual solution (total amount micro- 
coccin, 1332-5 mg.) days. the end this time the histiocytes near some 
the vessels were brilliantly fluorescent (Fig. 3). Thus was clear that after 
large doses some micrococcin escaped from the blood-vessels and entered tissue 
macrophages. Twenty days later the animal died. Its spleen was crammed 
with micrococcin (Fig. 4), and there were large numbers fluorescent cells the 
(Fig. 5). 

brightly fluorescent masses adhered the walls the blood-vessels when 
solubilized micrococcin was injected, nor could fluorescence the plasma 
detected with certainty during the injection. This contrasts very strikingly with 
the effects seen after the injection particulate micrococcin (Sanders, Florey and 
Wells, 1951). 


Examination Lymph for the Presence Micrococcin and Triton. 


micrococcin could detected the lymph after intravenous injection this 
would indicate that had passed from the blood-vessels into the tissue spaces. 
This was investigated two rabbits collecting several samples lymph from 
the thoracic duct before and after intravenous injection micrococcin-Triton 
solution, extracting with ethanol, and assaying the extracts fluorimetry and 
ultra-violet absorption. Occasional blood samples were also taken. After the 
last lymph samples had been taken the animals were killed and portions some 
organs were fixed for histological examination, while other portions were assayed 
for micrococcin. Details dosage, etc., are given Table IIT. 

Inneither rabbit did the lymph any time contain much micro- 
coccin per ml. and probably contained less than though the second 
experiment there was still the time death not less than 
the blood. Thus little micrococcin can have passed through the walls even 
the highly permeable vessels the liver and intestine. Likewise there was 
detectable Triton the lymph; (very low concentrations would have escaped 
detection). 

Histological examination the lungs, kidneys, liver and spleen these 
rabbits showed interesting phenomena. considerable the injected 
material was arrested the vessels the lung (Fig. fluorescent material 
was observed frozen sections the liver and only few points the spleen. 
But the renal glomeruli were sharply outlined, all the vessels the tuft containing 
fluorescent material (Fig. 6). doubt this embolism the kidneys explains 


re 
. 


J+ 


EFFECTS MICROCOCCIN-TRITON SOLUTION 


Micrococcin Organs Rabbits shortly after receiving 
Single Dose Micrococcocin-Triton Solutions Different Strengths. Lymph 
was collected from the Thoracic Duct before and after the Injection the Solution. 


(See text.) 
Experiment Experiment 
Total dose injected 


Duration experiment (between injection and 

Volume lymph collected during experiment 

Distribution, percentage total micrococcin 


kidney 17-9 


the lesions noted earlier mice, and could also account for the albuminuria 
noted the rabbit (see below). Embolism the lungs occurred 
also mice, though most the material there soon dispersed, that after day 
more the contained very little micrococcin. 

The micrococcin found lung, liver, spleen and kidney was distributed 
Table III. The viscosity the injected solution was much higher the first 
experiment, and the figures Table III support the idea that the transient 
concentration lung, noted both rabbits and mice, due mechanical 
hold-up. 

There discrepancy between the considerable amount micrococcin found 
the liver assay and its apparent absence sections examined histologically. 
Possible explanations are that the micrococcin-Triton was solution the blood- 
vessels, and was either washed out during the preparation was not present 
sufficient concentration fluoresce, and that insignificant amount had been 
taken the Kupffer cells the time death. 


Concentration Blood and Organs. 
mice. 

Disappearance from blood, after intravenous injection, Triton, particulate 
micrococcin, and micrococcin solubilized results series 
experiments are plotted Fig. each point representing the value for the pooled 
whole blood three identically treated mice. The dose per mouse was mg. 
micrococcin and/or mg. Triton. 

will seen that particulate micrococcin disappeared very rapidly from the 
blood. the blood volume taken ml., per cent the dose had dis- 
appeared two minutes after the end the injection, and 99-9 per cent had dis- 
appeared within minutes. the other hand, the micrococcin solubilized 
Triton persisted for much longer, about per cent still being the blood 
minutes after injection, and per cent one hour after. The level circu- 
lating Triton seemed higher when was injected alone than when was 
used micrococcin-Triton solution. 

Distribution Four hours after injection: These measurements 
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were made the treated and control mice from the previous experiment which 
had been killed four hours after the injections. The results are shown Fig. 

(b) 150 days after repeated doses Six mice each received intravenous 
doses 0-5 ml. micrococcin-Triton solution. intervals they were killed, with 
normal control, and micrococcin was estimated liver, spleen, lung and kidney. 


~ 


after injection 


Fic. 8.—Blood concentrations micrococcin and Triton when given 


The results, summarized Fig. 10, show distribution similar that following 
the injection particulate micrococcin (Markham, Heatley, Sanders and Florey, 
1951), though the amount retained less than half that found after injection 
particulate material. 

second experiment mice received doses either 0-5 0-25 ml. the 
same solution, days (missing day 5). Two mice each group (with 
normal controls) were killed day and two more pairs day 26. The organs 
each pair were pooled, extracted with ethanol, and the micrococcin was esti- 
mated. Table summarizes the results. 
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Amount Micrococcin (ug.) found Ultra-violet Absorption 
and Fluorimetry, Extracts Pooled Organs Pairs Mice after Equal 


Injections given the first Days. 

Mice killed day 20. Mice killed day 26. 

Total micrococcin given, 12,500 25,000 12,500 25,000 

spleen 245 242 212 281 

liver 1388 4980 1317 5650 

rest carcass* 307 363 142 


Minus skin. paws, tail and intestine. 


~~ 
2 
oO 
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$.—Concentrations (mg./g. wet weight tissue) liver, spleen, kidney 
and lung mice four hours after the intravenous injection 2-5 mg. micrococcin 


Similar results were obtained several other mice which had received single 


doses the same solution. 
interesting that the distribution micrococcin the organs, which 
initially hours) different for particulate and solubilized micrococcin (Fig. 9), 


becomes similar within few days. 


6485 

: 


guinea-pigs. 

Distribution organs after repeated two animals used for 
toxicity studies were used for these measurements also. The results are sum- 
marized Table 

Excretion Urine and Faeces. 

Most the experiments were done animals receiving single intravenous 
injection the micrococcin-Triton solution. one experiment the urine 
several mice was collected during the hours following the dose, and from some 


micrococcin 
intravenously 


w 


Total micrococcin organ 


Day experiment 


Fic. 10.—Amounts micrococcin found liver, spieen, lung, and kidney mics killed 
various times after the intravenous injection doses 2-5 mg. (total mg.) micro- 

Each dose consisted ml. solution containing mg. micrococcin per 
per cent Triton and 0-9 per cent NaCl. 


control mice which had received saline Triton saline. other experiments 
iajected and normal control mice were kept for some days filter-paper sepa- 
rate glass jars, the filter-paper usually being changed every hours the faeces 
and urine-soaked filter-paper could largely separated hand. Rabbits and 
guinea-pigs were kept the waxed cages for separate collection urine and 
faeces. 

Estimation micrococcin was difficult (in some cases impossible) because 
the strong and variable ultra-violet absorption urine and faeces extracts and 
the considerable non-specific fluorescence the latter. addition the weight 


157 


EFFECTS MICROCOCCIN-TRITON SOLUTION 115 


excreta was often markedly different treated and control animals. can, 
however, said that little, any, micrococcin was normally excreted the urine 
and that small amounts passed into the faeces during the first few days, occurred 
when particulate micrococcin was given. mice, per cent the dose 
was excreted the faeces (probably via the bile) during the first three days, but 
none could detected subsequently. 

one rabbit that received repeated intravenous injections which damaged 
the kidneys and produced albuminuria small zone inhibition the cylinder- 
plate method was obtained from urine collected several days after the 
micrococcin-Triton injection. the urine gave zone when the 
albuminuria ceased, the presence micrococcin the urine eertainly 
due kidney damage. Triton could detected the urine collected from 
rabbit during the two hours following the intravenous injection mg. micro- 
coccin solubilized 100 mg. Triton. 


Effect the Micrococcin-Triton Solution Experimental Infection. 


From the foregoing work the therapeutic action solubilized compared with 
particulate micrococcin might expected more effective because persists 
the blood for longer time after injection and perhaps diffuses more readily. 
the other hand, Triton strongly antagonizes the antibacterial action micro- 
coccin vitro, though not known what extent the two remain associated 
after injection. gain some idea the nett result, particulate micrococcin was 
compared with micrococcin solution the protection mice against infection 
with highly micrococcin-sensitive strain Str. pyogenes. 


Effect streptococcal infection mice. 

Female mice weighing about were infected intraperitoneally with 0-5 ml. the 
specified dilution serum-broth culture Str. pyogenes, the virulence which was 
maintained mouse passage about monthly intervals. The stock culture was kept 
blood broth room temperature. The micrococcin-Triton solution and micrococcin 


suspension were prepared previously described and treatment was begun one hour after 
infection. 


Table shows the results preliminary experiment which demonstrated 
that single dose micrococcin-Triton solution given intraperitoneally intra- 
venously had some protective effect. the end days showed 


V.—Number Mice Surviving Intraperitoneal Infection with 0-5 ml. 
1000 Dilution 20-hr. Broth Culture Str. pyogenes (CN 10) after 
ment with Single Dose Solution. 


Treated mice. 
Dose micrococcin and route. 
infection. Intra- Intravenous, mice. 
2-4 mg. 4-8 mg. 


Orbe torr 


that the animals treated intraperitoneally were normal, but that the survivor 
after intravenous therapy had large thick-walled abscess the upper pole 
the left kidney from which Str. pyogenes, sensitive micrococcin the parent 
strain, was grown. 

From similar experiment four dosage levels (Table VI) clear that 
single intravenous dose even 0-1 mg. exerted considerable protective action. 


VI.—Number Mice Surviving Intraperitoneal Infection with 0-5 ml. 
Dilution 18-hr. Culture Str. pyogenes (CN 10) after Intravenous 
Treatment with Single Dose Micrococcin-Triton Solution. 

Treated mice. 


Time after Dose (mg.). 
infection. 


Control 
mice. 


Str. pyogenes was isolated from the heart blood each the six animals dying 
between 28} and hours. abnormalities were found the two animals 
surviving for days. 

the next experiment (Table VII) the protective effects micrococcin 
suspension, and solution with Triton, were compared two dosage levels. 


Mice Surviving Intraperitoneal Infection with 0-5 ml. 
Dilution 18-hr. Broth Culture Str. pyogenes (CN 10) when 
Treated Intravenously with Single Dose Micrococcin Suspension Micro- 
coccin Solution Two Dosage Levels. 


Treated 
Time after Control 
Solution (mg.). Suspension (mg.). 


One mouse killed fighting. 
Heart blood was cultured from the mice (each indicated one asterisk), which died the 


times indicated. all cases Str. pyogenes was recovered. 


With dose mg. the solution was markedly superior the suspension. With 
mg. there were observable differences, and the survivors after days showed 
abnormalities. 
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The efficacy the solution and the suspension was then compared when 
divided doses were given and hours after infection. The results are set 
out Table VIII. hours all the group that had received the micrococcin- 
Triton solution were well, while only out receiving the suspension were 


Mice Surviving Intraperitoneal Infection with 0-5 ml. 
Dilution 17-hr. Broth Culture Str. pyogenes (CN 10) after 
Three Intravenous Doses Micrococcin Solution Micrococcin Suspension 
and Hours after Infection. 


Treated mice. 


Time after Three doses, mg. Control 
infection. in— mice. 


Solution. 


alive, and these were sick. the 6th day, however, all were dead. Those 
that had received the solution were apparently completely protected for about 
hours after the last injection micrococcin. pyogenes was isolated from 
the heart blood the last this group die. 

clear that micrococcin solubilized Triton exerted considerable pro- 
tective effect Jasting for some days. However, most cases the body was unable 
rid itself completely the infecting organisms, which, soon after the drug was 
withdrawn, grew rapidly and killed the animal. 

This effect could due the influence micrococcin being entirely bacterio- 
static, view (1948) produced some evidence. Alternatively, the 
streptococcus might become more resistant vivo, had shown the case 
for streptococci, staphylococci, tubercle bacilli and actinomycetes vitro. Some 
the strains Str. pyogenes recovered from the heart blood mice treated the 
present experiments were considerably more resistant than the parent strain. 

the development resistance vivo during treatment were the most 
important factor the occurrence late deaths, then mice should die even during 
the continuous administration the drug, provided that the resistant organisms 
retained their virulence. 

experiment was therefore done which micrococcin-Triton solution was 
administered for some days. 

One group mice was infected with 100 dilution 18-hour culture 
Str. pyogenes, another with dilution 100,000. Both groups were given 
intravenous injection 0-2 mg. micrococcin solution Triton twice daily. 
the fifth day treatment each group was divided into two, one half receiving 
more treatment (having had injections), and the other being given additional 
injections total 14. The results are shown Table Two treated 
mice died Str. pyogenes much more resistant micrococcin than the 
parent strain was isolated from both. 

Eight the ten mice infected with the 100,000 dilution streptococcus 
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Mice Surviving Infection Different Inoculum Levels. 
Treatment continued for days. (For details see text.) 


Infected with 0-5 ml. 18-hr. broth culture Str. pyogenes diluted— 


Time after 100. 100,000. 
infection. 


Control Treated with Treated with 
mice. 


discon- discon- 
tinued tinued 


9 


treatment 
discon- discon- 
tinued tinued 


survived and showed abnormalities when they were killed days after infection. 
The group infected with the dilution 100 the culture streptococcus all 
eventually succumbed. Excluding the mouse which died early, all this group 
remained apparently perfectly well the time stopping treatment. There- 
after they became sick and died quickly following the first signs illness. The 
last two deaths occurred days after infection, one days after the 9th and 
last dose micrococcin, the other days after the 14th and Jast dose. From 
both these mice streptococci were isolated from the heart blood, one strain being 
relatively resistant micrococcin but the other not. all, heart blood was 
cultured from treated mice dying during this experiment streptococci were 
isolated every case. Four the six strains were more resistant micrococcin 
than the original strain. 


Treatment experimental tuberculosis. 


The work just described showed that micrococcin-Triton solution was capable 
exerting some protective action against infection with Str. pyogenes mice, 
and that repeated injections into guinea-pigs produced loading the phago- 
cytic cells the spleen and liver with material which had micrococcin 
Results the treatment experimental tuberculosis therefore might expected 
similar superior those obtained with particulate micrococcin (Markham, 
Wells, Heatley and Florey, 1951). 

Accordingly experiments were done test this point. 


guinea-pigs weighing were infected subcutaneously 
the thigh with 0-1 ml. 7-day Dubos culture Myco. tuberculosis (H37Rv strain). Six 
the animals served controls, and six were treated intravenously with micrococcin- 
Triton solution containing mg. micrococcin per ml. 0-9 per cent NaCl and 0-6 per cent 
Triton. Treatment with ml. the mixture was started the 5th day after infection 
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and continued once daily, six days week. Injections were made into the marginal 
ear veins employing the technique described Markham and Kent The veins 
became progressively more difficult inject the experiment proceeded, and several 
occasions was impossible give the full dose. One animal received only doses (total, 
106 mg. micrococcin), but the others received 17—26 doses each (total, mg.). 

Thirteen days after infection the animals were tuberculin tested. Each was given 
ml. 1:100 Old Tuberculin intradermally into the shaved abdomen, and the result was 
read hours. One animal the treated group (M11) was tuberculin-negative the 
remaining eleven animals gave positive reaction. 

Twenty-six, thirty-five and forty-seven days after infection two treated animals and one 
control were killed and pieces lung, liver, kidney, spleen and femoral lymph nodes from 
the infected legs were removed and fixed formol-saline. Frozen sections stained with 
acridine orange and viewed ultra-violet light showed the distribution micrococcin 
these tissues, while the histology the lesions was studied paraffin sections stained with 
haematoxylin and eosin and with Ziehl Neelsen. Pieces lung and spleen after being fixed 
for several days formol-saline were weighed and assayed fluorimetrically for micrococcin. 
Other portions lung and spleen were ground Griffith tubes and cultured for tubercle 
bacilli Dorset’s egg medium. 


there was consistent difference between the 
spleens the control and treated animals, which contained numerous well- 
developed tubercles all specimens. There were few lesions the lungs 
both the treated and the control animals, but the naked eye there was 
difference between them. There were macroscopic lesions the livers either 
group. 

Some slight difference was detectable microscopically between the tubercles 
the treated and untreated animals. the treated animals there was less casea- 
tion than the controls, but the most interesting observation was that there 
were many isolated giant cells the Langhans type the parenchyma the 
livers the treated animals (Fig. 11). Such isolated cells were absent from the 
controls though well-developed microscopic lesions the ordinary type were 
present. 

Examination frozen sections ultra-violet light showed few fluorescent 
particles the walls the lung alveoli, scattered particles throughout the liver, 
and considerable quantity fluorescent material the splenic pulp. The 
tubercles the spleen were ringed numerous cells containing micrococcin, but 
none was apparently present the lesions. The femoral lymph nodes with their 
caseous centres were always devoid fluorescent particles. 

The histological finding that the lungs contained little micrococcin and the 
spleen considerable amount was corroborated the fluorimetric analysis 
these tissues. 

Tubercle bacilli were cultured from the lungs and spleens all animals. 

was thus clear that the micrococcin-Triton solution had even less influence 
the development the tubercles than particulate micrococcin. 


DISCUSSION. 


The toxicity, after intravenous injection, micrococcin solubilized Triton 
appeared slight, such toxicity there was being possibly due mechanical 
blocking blood-vessels the viscous solution. The material arrested the 
lungs appeared leave them without causing much damage, but that arrested 
the glomeruli the kidney could produce serious changes. With small doses, 
however, this effect was slight absent. 
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Following intravenous injection micrococcin-Triton solution, fluorescent 
material—presumably taken phagocytic cells lining the 
blood-vessels the spleen and liver, and, after large doses, histiocytes the 
tissue ear chamber. Micrococcin Triton circulated the blood for con- 
siderably longer than particulate micrococcin, seemed possible that might 
enter tubercle and its phagocytic cells better than particulate micrococcin. The 
fate the solubilizer Triton the body has not been determined, but Triton 
and micrococcin retained the same relationship they had vitro the anti- 
bacterial power micrococcin might severely reduced. 


this connection worth recalling the behaviour micrococcin-Triton solutions 
other diffusion assays, where the apparent potency (indicated zone 
size) reduced only slightly concentration Triton which serial dilution method 
assay would have depressed the titre very strongly (Heatley al., 1952). 


preliminary testing the effects solubilized micrococcin against tuber- 
culosis guinea-pigs some experiments were done streptococcal infection 
mice. Such infections were controlled distinctly better solubilized than 
particulate micrococcin. Among the possible reasons for this superiority the 
solution are the facts that the micrococcin not quickly abstracted from the 
blood and that may emerge from blood-vessels, especially when inflamed, more 
readily than the particulate form. Another factor that after given dose 
micrococcin the concentration solution will very much higher with solu- 
bilized than with particulate material, though realized that the state 
molecular aggregation the solute may different. 

The interesting point emerged that, though the growth streptococci could 
apparently held check while micrococcin-Triton was being administered, 
the body was unable free itself from fairly large dose cocci. When ad- 
ministration was stopped the organisms grew and killed the animals. 

Unfortunately the superiority solution compared with suspension strepto- 
infection mice was not matched the response tuberculosis the 
guinea-pig. 

The original conception behind the work micrococcin (Markham and 
Florey, Markham, Heatley, Sanders and Florey, Markham, Wells, 
Heatley and Florey, 1951) was try the mononuclear phagocytes, 
which are primarily responsible for combating the tubercle bacillus, with anti- 
bacterial substance low toxicity animal cells. The effects obtained with 
particulate micrococcin were slight, and was thought that better result 
obtained using substance like micrococcin solubilized Triton which, 
while still being taken phagocytic cells, might penetrate into tubercles 
better than particulate micrococcin. Whether better penetration was obtained 
not clear, but there are several other possible reasons why the therapeutic 
response was not better. The action micrococcin mainly bacteriostatic 
bacteria become resistant more easily than almost any other antibiotic 
its antibacterial action under some conditions strongly antagonized deter- 
gents. Experiments Mackaness (1952) show that the intracellular growth 
ingested tubercle bacilli only slightly retarded cultures living rabbit 
macrophages which have taken quantities particulate micrococcin. When 
infected macrophages were maintained medium containing 
micrococcin-Triton solution marked retardation the growth rate intra- 
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cellular tubercle bacilli was but the bacilli survived, and time 
began proliferate. Lower concentrations micrococcin-Triton were not 
significantly inhibitory intracellular bacilli. These observations fit with 
yet another possible reason for the failure influence experimental tuberculosis, 
namely that micrococcin simply not sufficiently powerful antibacterial agent. 

Nevertheless this series experiments has impressed with the necessity 
for knowing more about the behaviour towards tubercles and their cellular contents 
substances introduced into the blood stream. Perhaps more thorough exami- 
nation how substances penetrate and behave tubercles, along the lines 
the experiments micrococcin, may furnish data the best physical state 
antituberculous drug, and the best conditions for enabling reach not 
only the relatively simple structure the experimental tubercle but the often 
more complicated lesion the chronic disease man. 


SUMMARY. 


The almost insoluble antibiotic micrococcin can solubilized various 


(10 mg./ml.), almost non-toxic detergent the non-ionic type, were used 
the present work. 

The detergent does not influence the growth bacteria, but partly antago- 
nizes the antibacterial action micrococcin. 


Repeated large intravenous doses micrococcin-Triton solution damage the 


glomeruli the kidney. Smaller doses have such action and appear 
non-toxic. 

The distribution micrococcin can followed frozen sections its 
purple fluorescence ultra-violet light. Immediately after intravenous injection 
the solubilized form micrococcin present considerable amounts the 
lung, but after 2-3 days becomes distributed the pattern typical particulate 
micrococcin, i.e., the cells the reticuloendothelial system, especially the 
spleen and liver. probably does not penetrate into the fluids tissues into 
tubercles significant amounts. 

Assay micrococcin ethanol extracts the organs confirms the histological 
observations. The content micrococcin greatest liver and spleen, and the 
substance can still detected these organs after months. 

Mice infected with Str. pyogenes are some extent protected the admini- 
stration intravenously micrococcin-Triton solutions, but organisms are seldom 
eliminated completely. 

The course experimental tuberculosis and the nature the lesions guinea- 
pigs are not significantly influenced repeated intravenous injections micro- 
coccin-Triton solution. 


Addendum. 


the final draft this paper was being prepared the observations Corn- 
forth, Hart, Rees and Stock (1951) the effect Triton A-20 and related 
compounds tuberculosis mice were published. Our results not neces- 
sarily conflict with theirs did not use Triton alone tuberculous animals 
the presence micrococcin certainly alters the physical character the Triton 
solution, and may affect its action the tuberculous process. Also, did 
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work with tuberculous mice. interesting that the Triton WR-1339 used 
our work appeared free from the toxic effects reported Cornforth al. 
(1951) for Triton A-20, although the latter reputed merely per cent 
solution the former. Dr. Rees (personal communication) has since 
confirmed the freedom from toxicity Triton WR-1339. 


Our thanks are due Dr. Wells for infecting the experimental animals 
with the tubercle bacillus, Mr. Kelly and his staff, the Clevedon Anti- 
biotics Research Station the Medical Research Council, for the preparation 
most the micrococcin, Mr. Bush for making the ear chambers, and 
Mr. Kent, Miss Page, Mr. Chinn and Mr. Smith for technical assistance. 

are indebted the Medical Research Council for grants for technical 
assistance and materials. 
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now realised that most substances pass into the lymphatics when in- 
jected into the skin (Hudack and McMaster, 1933 McMaster, 1941-2; 1945-6). 
There evidence that substances high molecular weight are absorbed this 
route, while those low molecular weight pass into the blood-stream well 
(Barnes and Trueta, number radiopaque materials enter lymphatics 
when injected interstitially, enabling radiographs lymphatics taken 
living intact animals (Gray, 1938-9; 1939-40; Funaoka, 1930; Prives, 1940): 
Numerous substances have been tested this laboratory thorotrast has proved 


the most useful for animal work, but its radioactivity precludes its use man. 


very radiopaque and practically non-irritant. Recent improvements 
radiographic technique have made possible obtain high-quality pictures 
thorotrast-filled lymphatics. was thought therefore that the method might 
prove useful the study lymphatics inflammation. 

Lymphatics are undoubtedly great importance inflammation, but their 
exact the subject some controversy. Menkin (1940) believes that lym- 
phatics become thrombosed early inflammation, this tending localise bac- 
teria and toxins. Others doubt the efficacy this mechanism consider less 
important than other components the inflammatory reaction (Rich, 1936 
Cannon and Hartley, 1938). There are also number workers who consider 
that dispersion micro-organisms lymph and tissue fluid 
important factor local defence (Duran-Reynals, Kenton, 1939; Evans, 
Miles and Niven, 1948). 

The object the present study was investigate the state lymphatics 
various types local lesion, and study changes tissue permeability asso- 
ciated with injury. 


MATERIALS AND METHODS. 


Inflammation was produced the rabbit’s ear, which liberally supplied with 
lymphatics (Henry, 1933), and provides large thin area suitable for the radio- 
graphy fine channels. Sterile abscesses were produced injection 
turpentine amounts varying from trace 0-05 ml. (0-03 ml. produced 
abscess reproducible size with necrotic centre approximately cm. diameter). 
Burns were inflicted under anaesthesia means hollow metal cylinder 
through which water circulated known temperature, similar that used 
Leach, Peters and Rossiter (1943). was applied the ear for varying 
periods. Reversed Arthus reactions were produced the method Smith and 
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Humphrey (1949) using rabbit antibovine albumen serum containing 0-6 mg. 
antibody nitrogen/ml. The antigen and antibody were kindly supplied Dr. 
Humphrey. Pontamine Sky Blue was injected intravenously (35 mg./kg. 
saline) visualise the lesions. 

Thorotrast was injected under pentobarbitone (nembutal) nembutal and 
ether anaesthesia with fine gauge hypodermic needJe. Minimum pressure was 
used and the injection usually occupied one minute. Care was taken take the 
same time over abscess and control injections. The puncture holes were usually 
sealed with the commercial preparation known New certain 
experiments Benger’s Hyalase (bull testis hyaluronidase) was dissolved directly 
the thorotrast. For control injections hyalase was dissolved saline and brought 
boiling point (which caused precipitation) and suspended thorotrast. 

Serial radiographs were taken intervals after injection thorotrast, and 
the end the experiment the ears were fixed per cent formol-saline for 
microradiography and histology. Thorotrast shows well 
sections, especially dark-ground illumination (Gray, 1938-9). Cooke, 
Troughton and Simms phase contrast microscope was used, and proved very con- 
venient for changing rapidly from ordinary dark-ground illumination (by using 
annulus the condenser wheel corresponding higher power objective 
than the one use). 


RESULTS. 


Lymphatic drainage inflammatory areas. 

Sterile shows typical radiograph taken after the injection 
thorotrast into normal ear. Lymphatics filled immediately, and few 
minutes the glands the base the ear were visible. The large cervical duct 
became outlined after minutes (sometimes less) and thorotrast entered the 
veins the root the neck. The lymphatic shadows gradually cleared, but the 
interstitial mass thorotrast spread for few hours and then remained unaltered 
indefinitely. Thorotrast eventually ingested macrophages. Table shows 
the results injecting thorotrast into turpentine abscesses various intervals 
after the introduction the irritant. The findings Menkin are confirmed, 


DESCRIPTION PLATES. 


Fic. filling ear lymphatics, glands, and cervical lymph duct normal rabbit. 
Thorotrast injected into skin ear. Radiograph taken min. after injection. 


2.—Localisation turpentine abscess (18 hr. old). 
(a) Thorotrast injected into abscess. lymphatic filling. 
(b) Thorotrast injected into and gland are filled. 
Fic. 3.—Microradiographs turpentine abscesses (outlined with wire). 
(a) Thorotrast injected all round abscess days old.) 
(b) Thorotrast injected into abscess days 
5.—Effect hyaluronidase the localisation thorotrast turpentine abscess. 


(a) Left ear abscess (19 hr. old), sec. after injecting 0-1 thorotrast into abscess. 

(b) Ditto hr. after injection. spreading, but little thorotrast has disappeared. 

(c) Right ear abscess (19 hr. old), sec. after injecting 0-1 ml. thorotrast hyaluronidase 
(1250 unit/ml.) into abscess. Note digitate filling. 

Ditto hr. after injection. Digitate spreading has taken place far arrows. 
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filling. 
Local static.* None. 


hours 


The abscesses were injected with thorotrast radiographs were taken immediately, and (except 
few cases), intervals for several hours. 


Lymphatics near lesion filled with thorotrast, but this did not pass the glands, nor did the 
vessels empty the normal way. 


that, once inflammation established, thorotrast fails get away the lym- 
phatics and does not spread outside the abscess (Fig. However, localisation 
appears more variable and take place later than Menkin’s experiments, 
although his abscesses were larger. Thorotrast did not usually enter abscesses 
when injected round them, but lymphatics were filled the edge the lesion 
(Fig. 3), finding well illustrated the work Pullinger and Florey (1937). 
These pictures suggest that there may increased lymph flow from the 
inflammatory area while the necrotic central area walled off. 
sections viewed dark-ground illumination showed that thorotrast injected 
into abscesses necrotic centre and sometimes extended out into the 
oedematous surrounding zone was absent from dense aggregations inflam- 
matory cells. 

Burns.—Burns were produced ears means the perfusion apparatus. 
mild burns there was evidence localisation after injection thorotrast. 
very severe burns causing shrinkage the tissues 97° applied for 
seconds) there was some evidence localisation the central necrotic area. This 
zone was difficult inject since appeared solid, due coagulation necrosis. 
When injection was achieved, the thorotrast did not spread beyond the necrotic 
zone enter lymphatics. The injection seemed split the skin into two layers 
and the thorotrast remained the space between. Thorotrast injected round the 
burn spread the edge the necrotic area but further. The usual result 
attempt inject burned area was that, following initial resistance, the 
injection suddenly became easy, and the thorotrast was found have tracked 
through the solid zone and then entered lymphatics from the surrounding inflam- 
matory area. must pointed out, however, that the central area was not 
true inflammatory zone, since its blood-vessels were necrosed and exudate 
could form. 

antigen-antibody reactions were produced 
rabbit ears the opposite ear each case was injected with normal rabbit serum 
control. The lesions became visible within few hours the injection 
the antibody, swelling and exudation dye into the area. Thorotrast was 
injected hours, which time there was gross oedema and exudation 
leucocytes, and every case excellent lymphatic filling was obtained. Sections 
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showed numerous widely distended lymph vessels resembling those demonstrated 
Pullinger and Florey (1935) various types oedema these authors believe 
that the lymphatics were held open their attachment connective tissue 
fibres. the Arthus lesions the injected thorotrast spread abnormal way, 
numerous finger-like processes extending into the surrounding tissues. This type 
spreading has been called digitate spreading and described below. There 
was also much more leakage thorotrast from the lymphatics than controls, 
but this may have been due ruptures the over-distended walls rather than 
increase permeability, since did not take place uniformly along the length 

the vessels. 


The spreading thorotrast normal and inflamed and the effect hyaluro- 
nidase. 


When 0-1 ml. thorotrast was injected into normal ears could seen 
radiographs circular shadow with almost regular margin which gradually 
increased size a). There was rapid initial increase size, which 
might due pressure equalisation, followed period slow spread (Table 
After hours further extension took place the thorotrast was mainly 
ingested macrophages. 


Thorotrast Rabbits’ Ears with and without 
Hyaluronidase. 


Area sq. 


Time after injection. Thorotrast ears). Thorotrast and hyaluronidase ears). 


Maximum, Minimum. Mean. Maximum. Minimum. Mean. 
130 259 172 208 
290 194 625 320 427 
370 110 238 780 400 514 
440 140 297 840 530 669 
0-1 thorotrast injected into one ear, and 0-1 ml, thorotrast hyaluronidase mg. 1000 


ml.) into the opposite ear. Serial radiographs were taken intervals and areas the 
injection mass 


The mode spread thorotrast was altered the early stages turpentine 
lesions. The margins the injection mass were less well defined than controls, 
with projecting wisps thorotrast. Extension frequently took place means 
long finger-like projections, though spreading was facilitated certain 
channels (Fig. c). This will referred spreading. older 
abscesses there was sometimes spreading from one two points, but uniform 
extension, and 24-hour abscesses the thorotrast usually filled all the ramifica- 
tions the abscess, and spread further. These results suggest that profound 
alterations the physical state the connective tissue accompany inflammation. 

was thought possible that these changes might associated with alterations 
the state the hyaluronic acid the connective tissue. Experiments with 
hyaluronidase were undertaken test this possibility. Hyaluronic acid and 
chondroitin sulphate (differing from that cartilage) are known present 
skin (Meyer, 1947), and probably form the matrix between the connective-tissue 
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fibres. The existence hyaluronidase skin (Meyer, 1947) and changes 
hyaluronidase concentration inflammation (Mayer, Kocholaty and Stanton, 
1948) have been reported, but are less certain. 

the present work hyaluronidase was dissolved thorotrast high concen- 
tration (usually mg. equal 1000 Benger units/0-8 ml. thorotrast). This 
solution behaved differently from control thorotrast when injected into normal 
ears. The initial size the injection mass and the final size after hours were 
greater than normal (Table Fig. and was also observed that lymphatics 
were less readily filled than usual the presence hyaluronidase. 


4.—Spreading thorotrast rabbits’ ears. (Tracings outline injection mass seen 
(a) Normal ear.: 0-1 ml. thorotrast sec. after injection. Ditto hr. after injection. 
ml. thorotrast hyaluronidase (1250 unit/ml.) sec. after injection 
into opposite ear from (a). The same hr. after injection. 
(c) Turpentine inflammation (4} hr. ml. thorotrast min. after injection. 
The same min. after injection. 


Thorotrast (0-1 ml. quantities) containing hyaluronidase was also injected into 
turpentine abscesses (18-24 hours old). each case control abscess the 
same age the opposite ear was injected with thorotrast alone. The results are 
seen Table III. There seems little doubt that spreading occurred far more 
frequently and extensively from hyaluronidase-injected abscesses than from 
controls (Fig. and d). The appearance the injection mass differed 
from the outset and will referred filling, since the edge con- 
sisted numerous processes (Fig. c). The shadow the hyaluronidase side 
faded more rapidly than the control and often almost disappeared. When boiled 
hyaluronidase was suspended thorotrast and injected into abscesses, the results 
were the same controls. 
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Effect Hyaluronidase Spreading of. Thorotrast from 
Turpentine Abscesses Rabbits’ Ears. 


Controls. 
Nil* 


Hyaluronidase was dissolved thorotrast mg. 1000 units/0-8 ml. and injected into the 
abscess. Control thorotrast was injected into similar abscesses the opposite ear. 

Included this group are few abscesses which the radiographs were not adequate, for 
various reasons, for decision made the point issue. 


DISCUSSION. 


This work has shown that fixation (as judged this technique) does not take 
place all types inflammation, even particularly early the severe turpen- 
tine lesions. However, substances arriving through the bloodstream may 
more easily retained than thorotrast, since the injection the latter must cause 
disruption connective tissue and rise pressure. Menkin contends that the 
speed fixation depends the amount damage caused the organisms, since 
the products tissue breakdown which cause inflammatory changes (Menkin, 
1946). doubtful whether any organisms introduced under normal conditions 
could produce such rapid damage turpentine, that seems probable that 
there usually considerable interval before fibrin barrier established and 
during which dispersion could occur. 

The changes spreading properties inflamed skin demonstrated this 
work may relevant the problem dispersion. They suggest that disper- 
sion may facilitated changes the connective tissue the early stages 
inflammation and later retarded. Hechter and Solomon (1948) showed that 
number inflammatory agents increased the spreading powers skin, while 
Favilli and McClean (1937) found that other similar substances inhibited purified 
spreading factor. These results point variation spreading properties with 
the nature, severity and stage the lesion. 

Menkin believes the physical basis fixation the mechanical effect 
the fibrin clot. Rich (1936) thinks that physico-chemical factors, such adsorp- 
tion proteins, electrical forces and precipitation are more important. has 
not observed thrombosed lymphatics sufficient numbers account for localisa- 
tion, except most severe inflammation. few experiments carried out con- 
nection with the present work showed that thorotrast failed spread fibrin 
clots, and Hughes (1948) showed that fibrin membranes would hold back many 
substances even when suction was applied. Glenn, Peterson and Drinker (1942) 
showed that lymph flow from burned area could dramatically terminated 
the induction clot with thromboplastins. The experiments hyaluronidase 
the present work suggest another mechanism which may concerned with 


= 


LYMPH DRAINAGE INFLAMMATION 129 


localisation and dispersion—the state hyaluronic acid the skin. may 
that certain stages inflammation the polysaccharides undergo change 
rendering them more viscous, and that this was reversed the large doses 
hyaluronidase used the above experiments. 

The mode spread thorotrast normal and inflamed tissues may afford 
some clues the physical state the ground substance the dermis. normal 
ears the initial rate spread was slow enough support the views previous 
workers that there freely-communicating fluid medium the skin (McMaster 
and Parsons, 1939a and McMaster, Chambers and Zweifach, 1945-6). 
The change the mode spread thorotrast early turpentine inflammation 
suggests that there may lessening viscosity this time. The 
form extension might due the opening new channels oedema 
forms (compare McMaster and Parsons, and currents formed the 
interstitial tissue during the rapid passage fluid from capillaries lymphatics. 
Later, turpentine lesions, spreading thorotrast was inhibited, but could 
restored the addition hyaluronidase. McMaster (1946) observed very high 
interstitial pressures, with detectable free fluid, certain stages inflamma- 
tion. Both the present experiments and those McMaster could explained 
severe inflammation were associated with solid gelation hyaluronic acid. 


SUMMARY. 


The lymph drainage inflammatory areas was studied radiographic 
method. Lymphatics appeared obstructed fully- -developed sterile ab- 
scesses, but not local antigen-antibody reactions mild burns. 

‘studying the spread radiopaque substance was shown that the per- 
meability the skin alters different stages inflammation. severe sterile 
inflammation spreading inhibited, but restored when injected 
into the area. 

The significance fixation and local discussed. 


wish thank Dr. Dawes (Director the Nuffield Institute) for much 
help and criticism, and Dr. Ardran for valuable radiological advice. Grateful 
acknowledgment for expert assistance due Mr. Tuckey (radiography) 
and Mr. Milligan (histology). 
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the shock state produced the injection bodily constituent 
should simplify the investigation the more complex natural condition quite 
apart from any question its complicity the causation the latter. For 
this reason have studied the mechanism the shock-inducing action 
adenosine triphosphate (ATP), since the injection adenine nucleotides repro- 
duces the picture traumatic shock with remarkable accuracy (Green, 1943 
Bielschowsky and Green, Green and Stoner, 

Our current concept shock the general response the body injury 
will described elsewhere. The characteristic feature the shocked animal 
the striking fall energy production, shown the fall body tem- 
perature and the decrease all bodily activity with accompanying fall 
consumption. These changes stem from alteration the metabolism 
the (Tabor and Rosenthal, 1947 Green and Stoner, 1950a), and indicate 
some change the energy-producing mechanisms essential feature the 
shock state. 

Potter and his school (McShan, Potter, Goldman, Shipley and Meyer, 1945 
Page, 1946a, sought explain the depression metabolism generalized 
reduction the energy stores the body. The hypothesis was based the 
appearance the breakdown products carbohydrate and nucleotide meta- 
bolism excessive amounts the blood-stream the shocked animal and 
reduction the nucleotide content the tissues. The most favourable evidence 
was obtained from animals haemorrhagic shock and the shock 
described Noble and Collip (1941), when tissue damage generalized. 
After the production hind-limb ischaemia, although nucleotide breakdown 
products appear excess the blood (Green and Stoner, there 
little evidence gross change the tissue nucleotides outside the damaged 
area (Bollman and Flock, Goranson, Hamilton and Haist, 1948). 

Another group (Engel, Winton and Long, 1943; Russell, Long and Engel, 
1944; Engel, 1945; Wilhelmi, 1948) suggested that the fundamental lesion 
shock conversion anaerobic type metabolism where glycolysis pre- 
ponderates over the oxidation carbohydrate. Since the high energy phosphate 
bonds ATP, now considered the immediate source energy for most 
biosynthetic processes, are mainly formed during aerobic metabolism, easy 
see how the cessation carbohydrate oxidation would lead fall the 
energy stores the body. The views this group were largely based the 
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increase the lactate/pyruvate ratio the blood animals haemorrhagic 
shock—which gave the impression that the biochemical changes are the same 
anoxia. This not necessarily true and, shall show, severe shock 
can occur without change the lactate/pyruvate ratio. 

considered more likely that there great fall energy stores but 
rather interference with their availability. Our reasons for suspecting carbo- 
hydrate metabolism being primarily affected have been indicated previously 
(Green and Stoner, 1950a). have therefore studied the effect nucleotide 
and ischaemic shock carbohydrate metabolism some detail, 
describe their effects the early stages carbohydrate catabolism, with special 
regard the hormones involved. Preliminary reports some the results 
have already been made (Green and Stoner, 1950a Stoner, Green and Threlfall, 
1950; Threlfall, Stoner and Green, 1951). 


METHODS. 


The majority the experiments were done rats and mice. The rats were albinos from 
the same stock those used previously (Stoner and Green, 1950). The mice were either 
Strong’s CBA Kreyberg White strains. The rats and mice were fed com- 
mercial rat cake (Edinburgh Rat Cube No. 86) given lib. 

The various operative procedures have been described before (Stoner and Green, 1950), 
but some points require amplification. Limb ischaemia now routinely produced rats 
and mice the method Rosenthal (1943), and rabbits the method Bywaters 
and (1942). rats the adrenals were denervated the method Vogt (1945). 
Alloxan diabetes was produced the method Colowick, Cori and Slein (1947). 

ATP was obtained the salt (Boots Pure Drug Co., Ltd.), and converted either the 
salt (Green and Stoner, 1950a). Only fresh batches the salt were purchased, 
which were stored, dry, and used within weeks their arrival the laboratory. 
Before use they were examined chemically and chromatographically, the latter the 
methods Carter (1949), and Hanes and Isherwood (1949), using the technique Markham 
and Smith (1949) determine the position the components. Such analysis showed the 
presence ATP and adenosine diphosphate (ADP) the proportion calculated 
the adenine content. Practically all the total adenine could accounted for these 
two fractions. Very little per cent) muscle adenylic acid was present, sug- 
gesting that there was pyrophosphate present (Bailey, 1949). 

addition, solutions prepared from the solid and salts ATP, made after twice 
re-precipitating the commercial salt the salt, were also used, and these showed only 
one component chromatography. The the ATP solutions, injected, was 6-5, 
and they contained free when tested with rhodizonate. The muscle adenylic 
acid (Boots Pure Drug Co., Ltd.), adenosine (B.D.H.) and inosine triphosphate (ITP) used 
showed only one component chromatographic analysis. Hexose diphosphate (HDP) 
was used the mono-Mg salt (Schwarz Laboratories). Analysis: Total P—found, 17-35 
per for Mg, 17-20 per cent hydrolysis HCl per cent 
total liberated min. Phosphorus was determined the method Fiske and 
SubbaRow (1925). 

experiments where blood tissue constituents were determined, the control animals 
were usually injected with the same volume solution (Roche) 0-9 per cent 
NaCl containing amount pentose equivalent that the dose nucleotide. For 
blood-sugar determinations the usual practice was bleed the rat from the tail the start 
the experiment, and then take one specimen heart blood interval after the injection. 
Only two samples were taken from each rat, and some experiments only the later sample 
was taken. exception this was the determination the effect the intravenous 
injection ATP the blood sugar where, after the initial bleeding from the tail, repeated 
cardiac puncture was performed. Tail blood was never used shocked animals as, unless 
the blood flows freely, impossible obtain valid sample the circulating blood. 
Heparin was used the anticoagulant, The blood sugar was determined Harding’s 


= 
( 
1 


CARBOHYDRATE METABOLISM SHOCK 133 


titrimetric method described King (1946). Blood samples for lactate (Barker and 
Summerson, 1941) and pyruvate (Bueding and Wortis, 1940) determinations were obtained 
from the heart under nembutal anaesthesia mg. per 100 body wt.), mono-iodoacetate 
(final concentration 0-01 being used prevent breakdown. 

Glycogen was determined the method Good, Kramer and Somogyi (1933). Samples 
liver (median lobe) and muscle (rectus femoris) were obtained under ether nembutal 
anaesthesia (Evans, Tsai and Young, 193la). Higher values were obtained the tissues 
were sampled soon the animals were anaesthetized than the samples were taken from 
rats killed blow the head. Very little anaesthetic required the shocked animal, 
and difference was seen between results obtained with nembutal and ether under our 
conditions that the latter was used routinely. The results are expressed mg. glucose 
per 100 wet wt. tissue. 

The total carbohydrate content the rat was determined follows: The rat was 
anaesthetized with nembutal and the tail was then weighed and dropped 
into liquid N,. When frozen was broken mortar and finally blended Waring 
Blendor with equal volume H,SO,. This homogenate was then hydrolysed, under 
reflux condensor, boiling water bath for hr. aliquot the centrifuged hydro- 
lysate was treated with HgSO, and BaCO, described West, Scharles and Peterson 
(1929), and the yeast-fermentable sugar the final filtrate determined the method 
Shaffer and Somogyi (1933) using reagent 50. further aliquot was taken for dry 
weight determination after neutralization, and the results are expressed terms mg. 
glucose per 100 body wt. few cases samples the original homogenate were taken 
for the determination carcass glycogen (Good al., 1933). 

The free glucose content the muscle was the method Cori, Closs and 
Cori (1933). The muscle was excised under nembutal anaesthesia, immediately frozen 
liquid and homogenized with mechanical blendor. these animals the yeast- 
fermentable sugar the plasma was also determined. 

Carbohydrate utilization vivo was investigated determining the response oral 
and intravenous administration glucose and oral administration HDP. After oral 
administration analytical methods were described above. Intravenous tolerance tests 
were done the rat under nembutal anaesthesia and after bilateral nephrectomy. Nembutal 
does not affect the hexokinase reaction (Persky, Goldstein and Levine, 1950). Two blood 
samples were taken from the heart, the first either immediately before min. after the 
glucose injection and the second min. after the injection. The dose glucose was 
mg. per 100 body wt. given per cent aqueous solution 37° into the exposed femoral 


vein. The blood sugar these experiments was determined 0-05 ml. blood the 


Haslewood and Strookman described King (1946). 

Glucose utilization tissues from normal and ATP-treated rats was also studied 
vitro. The hexokinase activity muscle extracts from normal and ATP-treated rats was 
compared, with and without the addition adrenal cortical extract (‘‘ Parke, 
Davis Co.; Allen Hanbury, Ltd.; without preservative), according 
the method Colowick al. (1947), currently used that laboratory personal 
communication), i.e., using glycyl-glycine buffer final 7-8 and final strength 0-1 
Glucose utilization the isolated rat diaphragm under aerobic conditions was studied 
using medium containing phosphate (Villee, Deane and Hastings, 1949). The 
incubation period was min. for the muscle extracts and hr. for the diaphragms, the 
glucose content the medium the end the experiment being determined the method 
Nelson (1944). 

The histological methods were those previous paper (Stoner and Green, 1950), and 
addition the chromaffin content the adrenal medulla was studied fixing the glands 
Orth’s fluid and counterstaining the sections with Giemsa (Gurr’s New Rapid 


RESULTS. 
Effect ATP the Blood-sugar Level. 


the cat and rat (Table under nembutal anaesthesia the intravenous 
injection mg. MgATP per 100 body wt. was quickly followed rise 
the blood-sugar level, 
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TABLE Changes the Blood-Sugar Level the Fasting Rat Nembutal 
Anaesthesia after the Intravenous Injection mg. per 100 Body Wt. 
Blood sugar (mg. per 100 
Time (min.) Intact rat. Medullectomized rat. 
after After equiv. After equiv. 


ATP. per cent per cent 
NaCl. NaCl. 


103 112 
158 120 
146 137 108 
152 127 


Each column gives the results single rat. 


ml.) 


o 
n 


Time (hr.) after injection 
1.—The effect ATP the blood-sugar level the fasting male rat. 


after mg. MgATP per 100 body wt. 


Normal after equivalent amount D-ribose (i.p.). 


after 250 mg. MgATP per 100 body wt. 


The intraperitoneal injection the fasting rat non-lethal but shock- 
inducing doses ATP had the effect shown Table and Fig. The dose 
used (75 mg. MgATP per 100 g.) produced state shock lasting about 4hr. 
from which the animal recovered (Stoner and Green, 1950). This dose, the 
intact rat, will referred the non-lethal dose ATP. Table shows that, 
while the blood-sugar level controls remained stationary over 24-hr. period, 
the ATP-treated animals rose steadily for the first hr. and then returned 
normal between the 5th and 7th hr. Variation the rate fall accounts 
for the large standard deviation (S.D.) the mean during that period. The 
curve these blood-sugar changes resembles mirror image the fall rectal 
temperature produced this dose ATP (Stoner and Green, 1950). These 
results were obtained with MgATP, but exactly similar effects were observed 
with the salt. Small rises the blood sugar have been observed after the 
intraperitoneal injection little mg. MgATP per 100 was shown 
that the excess blood sugar was yeast-fermentable sugar, 
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When the intraperitoneal dose was increased 200-250 mg. MgATP per 
100 body wt. more serious state shock was produced, ending death after 
This dose will referred to, the intact rat, the fatal dose. After 
such doses the blood sugar rose the early stages (Fig. 1), but not usually the 
heights seen after non-lethal doses. This hyperglycaemia was maintained until 
the animal became moribund and then, during the final hour life, the blood- 
sugar level fell rapidly that death was below the normal level. 

Little urine passed nucleotide shock, but the small amounts excreted 
frequently contain sugar, would expected from the blood-sugar 
Recent work this laboratory the effect ATP urine formation (Dexter, 
unpublished results) has shown that there greater increase the total out- 
put the urine during the hours following the injection ATP than would 
expected all the injected ATP was excreted during that period (Table 


Effect the Intraperitoneal Injection 150 mg. MgATP per 
100 Body Wt. the Total Nitrogen Output the Urine during the hours 
following the Injection. 


Mean output 


Treatment. (mg. per 100 
body wt.). 


have previously shown that potentiates the shock-inducing action 
(Green and Stoner, 1944a; 1950a), and also increases the hyper- 


glycaemic action ATP. 


Adrenal-medullectomized animal. 


The rapid response the blood sugar the injection ATP coupled with 
knowledge the other physiological activities the nucleotides (Green and 
Stoner, 1950a) suggested that the hyperglycaemia might due the release 
adrenaline. This idea was supported finding that the intravenous injection 
ATP the cat, under nembutal, was accompanied the contraction the 
nictitating membrane, and that, the rat, the chromaffin staining the adrenal 
medulla was reduced after intraperitoneal injection. The hypothesis was tested 
repeating the experiments rats deprived their adrenal medullae. 

Adrenal-medullectomized rats are more sensitive than normal rats the 
shock-inducing action ATP (Stoner and Green, 1950), yet, when such rats were 
given mg. MgATP per 100 intraperitoneally there was hyperglycaemia 
(Table Fig. 1). Similarly, there was increase the blood sugar after the 
intravenous injection ATP these animals (Table [). When these intra- 
peritoneal doses ATP were given rats wks. after adrenal denervation, 
the blood-sugar level, hr. after the injection, was mg./100 ml. (S.D. 
which significantly lower 0-01) than the expected value this time. 
Attempts antagonize any adrenaline liberated with dihydroergotamine were 
not very After doses ATP the fatal range for intact rats the 
blood-sugar level fell initio the adrenal-medullectomized rat, 


No. Mean 
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Adrenalectomized animal. 


ATP had quite different effect after complete adrenalectomy. The tests 
were performed days after removal the glands, during which time the rats 
were given per cent NaCl drink. They were fasted overnight before the 
experiment, and the controls the blood-sugar level fell somewhat during the 
experimental period. The intraperitoneal injection mg. MgATP per 100 
greatly increased the rate fall the blood-sugar level, the difference being 
significant the 0-01 level (Table II). This dose rapidly fatal the 
adrenalectomized rat, and the blood-sugar level continues until, death, 
too low accurately estimated. With this dose ATP death occurred 
1-2 hr., but when the dose was reduced mg. MgATP per 100 for fed 
rats and mg. for fasting rats and given intramuscularly death occurred 
3-6 hr. The final blood-sugar level these animals was very low, between 
and mg./100 ml., and convulsions occurred during the hour preceding death. 


Hypophysectomized animal. 


The blood-sugar changes the hypophysectomized rat after the intra- 
peritoneal injection mg. MgATP per 100 were very variable (Table 
the early stages after the injection the blood sugar tended rise, but not 
the same height the normal animal nor was the hyperglycaemia maintained. 
These animals are also more sensitive than normal the toxic action ATP 


(Stoner and Green, 1950), that this dose was often fatal and the blood-sugar 


level fell with the deteriorating state the animal. The importance the 
hypophysis for the hyperglycaemic response was seen where the removal was 
incomplete, for the more hypophyseal tissue that was found autopsy, the more 


closely did the blood-sugar changes resemble those the normal rat after 


non-lethal dose ATP. 


Effect Related Compounds the Blood-sugar Level. 

Comparison the effects the intraperitoneal injection equimolecular 
amounts ATP, ITP, A5MP and adenosine (Table IV) showed that they all 
possessed some hyperglycaemic action, greatest for ATP and least for adenosine 
the effect was proportional their shock-inducing capacity. 


Level Fasting Rats hr. after Intraperitoneal Injection 
mg. MgATP per 100 Body Wt. Equimolecular Amounts 


and Adenosine. 
Mean blood- 
(mg. per 100 ml.). 

MgATP 238 
MgITP 184 


The effect was also determined. before (Stoner and Green, 
anomalies were found between the action this compound and equivalent 
amounts ATP, the blood sugar rising greater heights after 
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Effect the Lactate and Pyruvate Levels the Blood. 


The blood lactate and pyruvate levels the normal animal are related 
way most simply expressed the ratio, lactate/pyruvate constant. 
increase this ratio indicates the accumulation lactate and suggests the 
preponderance glycolysis over carbohydrate oxidation i.e., the conversion 
anaerobic type metabolism. Although this simple formula may not 
valid for the whole range blood lactate the rat (Stotz 
and Bessey, 1942) seemed adequate for our purpose, since was not possible 
use the lengthy pre-sampling period anaesthesia advocated Engel 
(1943). 

After non-lethal doses ATP there was significant change the lactate/ 
pyruvate ratio but there were changes the individual levels. One hour after 
the ATP injection the blood pyruvate level was significantly higher than the 
controls 0-05) and the mean lactate level was high but, because the 
greater variability this constituent, the difference was not significant test 
the logarithms the observations gave value lying between the 0-10 and 
0-05 levels P). During the next hr. both lactate and pyruvate levels fell 
the lower the normal range (Table V). One reason for this was 
probably the lethargic state these rats, the effect the ATP being maximal 
this time. 


V.—The Effect the Intraperitoneal Injection mg. MgATP per 100 
Body Equivalent Amount D-Ribose Lactate and Pyruvate Levels 
the Blood Normal Fasting Male Rats. 

ATP. D-ribose. 


after lactate pyruvate lactate 
injection. (mg. per (mg. per 


Mean 


Mean 


Following fatal doses ATP normal rats, there was tendency for both 
lactate and pyruvate levels raised shortly after the injection but there was 
evidence lactate accumulation until just before death (Fig. 2). occurred 


Blood 
pyruvate 
ratio. 
16-9 2-56 1-03 8-3 
76-8 3-10 29-0 2-50 
18-1 1-80 35-9 11-9 
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ruvate ratio 


Time (hr) after injection 


Fic. 2.—The lactate/pyruvate ratio the blood fasting male rats given 250 mg. MgATP 
per 100 body wt. The normal level (mean and shown the right. 
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Time after injection 
Fic. 3.—The effett non-lethal doses (75 mg. ATP/100 body wt. MgATP the 
muscle glycogen level normal male rats 
Fed after ATP, 
controls, 
and fasting adrenal-medullectomized male rats 


controls. 
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when the blood-sugar level was falling rapidly. the adrenalectomized rat, 
also, some lactate accumulation was seen immediately before death. 


Effect ATP Carbohydrate Stores. 
Muscle glycogen. 

The intraperitoneal injection ATP non-lethal doses decreased the glycogen 
content the muscle both rat and mouse (Fig. Table VI). Lethal doses 
had similar effect, for the muscle glycogen content fasting rats, killed when 
moribund, averaged 101 mg. per 100 wet wt. (range 


Effect Liver and Muscle Glycogen the Fed Mouse. 


Glycogen (mg. glucose per 100 
wet wt.) after— 


(hr.) 

after Liver. Muscle. Liver. 

trace 


This fall muscle glycogen could prevented adrenal-medullectomy 
(Fig. and adrenalectomy. 


Liver glycogen. 

The effect ATP rat liver glycogen was not definite. the fasting 
control rat the liver glycogen level was rather variable, but the fourth hour 
the experiment had fallen about mg. per 100 wet wt. After non-lethal 
doses ATP fell more quickly the same level that, the end the 
first hour, the average level the ATP-treated rats was mg. per 100 
17-1) opposed 183 mg. per 100 (S.D. the controls. Although 
this difference statistically significant 0-01) its biological significance may 
not great. lethal dose ATP the fasting rat had similar effect, for 
the average liver glycogen moribund animals was mg. per 100 (range 
23-25 mg.). The fed rat responded differently, for, after dose 
ATP, the liver glycogen fell slowly over the 7-hr. period the experiment the 
same way the controls. 

The effect liver glycogen the adrenalectomized medullectomized rat 
rather complex. the fasting medullectomized rat the changes were the same 
the fasting control animal. the fasting adrenalectomized rat the glycogen 
content the liver was very low and was unaltered ATP administration, 
whereas the fed adrenalectomized rat the liver glycogen level, initially higher 
than the starved rat, showed fall after ATP. 

the fed mouse the liver glycogen content fell after ATP injection (Table VI). 
These changes glycogen content are not confined the liver and muscle, 
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for ATP also reduces the glycogen content the skin (Bullough, personal com- 
munication) and the glycogen content the body whole reduced. 


Effect Carbohydrate Utilization. 


Fate orally administered carbohydrate. 


Fig. shows the results experiment where glucose and HDP were given 
stomach-tube rats nucleotide shock. When fed rat was given ml. 
either per cent glucose per cent MgHDP per 100 body wt., very little 
free reducing substance was found the gastro-intestinal tract hr. later and, 


di-phosphate 


w 
Blood glucose per 100 


Blood lactate (mg per 100 ml.) 


ratio 
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Blood glucose Blood pyruvate 
Blood lactate Lactate-Pyruvate ratio 


4.—The effect oral doses glucose and hexose diphosphate the concentrations 
glucose, lactate and pyruvate the blood the fed male rat hr. after intraperitoneal 
injection ATP. The number brackets gives the number rats each group. [For 
further details see text.] 


although the blood-sugar level was slightly elevated, the blood lactate and 
pyruvate levels and the lactate/pyruvate ratio were within the normal range. 
When the rats were given 150 mg. MgATP per 100 intraperitoneally immediately 
after this oral therapy very different picture was seen hr. later. Appreciable 
amounts free reducing substance were found the gastro-intestinal tract. 
Despite this decreased absorption the blood-sugar level the ATP-treated rat 
given glucose was considerably higher than that either the ATP glucose 
controls. the same time the lactate and pyruvate levels the blood were 
This makes interesting comparison with the results the ATP- 
treated rats given HDP. these the blood-sugar level was similar that 
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the ATP-treated controls, the blood pyruvate level was normal but the blood 
lactate level was greatly increased. These findings suggest some impairment 
the utilization glucose, but not HDP, nucleotide shock. 


Intravenous glucose tolerance. 


study the problem further the rate disappearance glucose from the 
blood stream after intravenous injection was determined (see 
the normal rat given mg. glucose per 100 body wt. intravenously the blood- 
sugar level had returned to, fallen below, the initial level min. after the 
injection. Thus the ratio the blood sugar that time the blood sugar 
immediately before the injection was below 1-0 (Table VII). 


VII.—The Ratio between the Level min. after and immediately 
before the Intravenous Injection mg. Glucose* per 100 Body Wt. 
Fasting, Bilaterally Nephrectomized 


rats hr. after the intraperitoneal injection 250 mg. MgATP per 
100 body wt. 
rats similarly treated with ATP but given equivalent volume 
0-9 per cent NaCl instead glucose. 
Significance (P) the 
difference between 


Environmental No. 
the means— 


‘Treatment. 
temp. rats. 


II-I. 


per cent solution. Under nembutal anaesthesia. 


When the test was done hr. after fatal dose ATP the injected glucose 
did not disappear from the blood stream rapidly despite the higher initial 
blood-sugar level. Control experiments ATP-treated animals which the 
glucose injection was replaced equivalent volume isotonic NaCl showed 
that the blood sugar would normally have fallen slightly during the test period, 
thus excluding the possibility that the tests were done rising blood-sugar 
(Table 

These experiments were done room temperature and the rectal 
temperature the ATP-treated rats the beginning the test was about 28° 
that, although they were heated plate during the experiment, their body 
temperature was several degrees below that the controls. Since this might 
account for the difference (Ingle and Nezamis, 1949), the rectal temperature 
the ATP-treated rats was raised the normal range placing them cabinet 
45° (humidity per cent) until the rectal temperature was about 35°, when 
the glucose was injected and the cabinet temperature kept during the 
period prevent any fall body temperature. The controls were also 
kept the cabinet 38-40°. The higher temperature only slightly improved 
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the response glucose the ATP-treated animals thus their lower temperature 
was not entirely responsible for the effect (Table VII). 

similar difference between the rates disappearance injected glucose 
the normal and ATP-treated rat the same body temperature was seen when 
the logarithms the blood sugar (Greville, 1943) min. after the 
glucose injection were plotted against time (Fig. 5). Using this method was 
possible compare the effect ATP the rate glucose disappearance the 
normal and adrenalectomized rat. The dose ATP (60 mg. MgATP per 100 
body wt. intramuscularly) used the adrenalectomized rat was such that gave 


per 100 ml.) 


1:80 
Time after injection glucose 


5.—The rate disappearance injected glucose (30 mg. per 100 body wt. i.v.) from 
the circulation hr. after treatment with fatal doses ATP. 

after ATP. 

Environmental temp. during test 


Normal male rat (fasting). 


Adrenalectomized male rat (fasting) 


the same survival time the fatal intraperitoneal dose the normal animal. 
the adrenalectomized ATP-treated rat the blood-sugar level fell more rapidly 
than the control animal (Fig. 5), suggesting that the adrenals are concerned 
the delayed removal glucose from the circulation intact rats after ATP. 
also suggests that the effect not due altered distribution the injected 
glucose the shocked animal, since different response obtained the normal 
and adrenalectomized shocked rat although their clinical state similar. The 
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utilization the glucose dependent upon enzymic (hexokinase) action, and its 
rate disappearance from the blood stream after injection should reflect this 
uniformly distributed the extracellular space. This may not always so, 
for Cori al. (1933) have shown that, although glucose readily diffusible 
substance, rapid changes the plasma glucose level may leave the free glucose 
content the muscle, i.e., the glucose present the inter-cellular space the 
muscle, unaltered. Changes the glucose concentration the interstitial fluid 
may affect the passage glucose from the blood, but since the entry glucose 
into the cell dynamic process, these physical factors may not play very 
great part determining the rate disappearance injected glucose. 

Experiments were performed obtain some idea the possible magnitude 
this physical factor. The concentration glucose the interstitial fluid may 
vary different organs but, since muscle the largest single tissue and since its 
contribution the overall metabolism greater than that other organs (Krebs, 
1950), the free glucose content muscle probably its best measure. The free 
glucose content normal capable fairly wide variation inde- 
pendent the plasma glucose level and not affected adrenalectomy. After 
the injection ATP into the rat, although the water content muscle unaltered, 
its free glucose content rises the same time the hyperglycaemia, and remains 
high until death despite the falling plasma glucose level. the ATP-treated 
adrenalectomized rat the level the same the corresponding control (Table 
While difficult know what part this plays the decreased tolerance 
the intact rat given ATP, the glucose concentration the inter-cellular space 
does not seem concerned the increased tolerance the adrenalectomized 
rat. 


VIII.—The Effect the Free Glucose Content the Muscle 
Normal and Adrenalectomized Fasting Rats. 


Glucose concentration 
(mg. per 100 ml. plasma per 100 wet wt. muscle). 


Controls. Experimental. 


Intact. Adrenalectomized. 


Intact. Adrenalsctomized. hr. after death after hr. after 
ATP. ATP. ATP. 


Plasma. Muscle. Plasma. Muscle. Plasma. Muscle. Plasma. Muscle. Plasma. Muscle. 
310 
300 


Dose ATP 250 mg. MgATP per 100 body wt. (i.p.) the normal and mg. MgATP 
per 100 body wt. (i.m.) ths adrenalectomized. 


Attempts were made reproduce the effect ATP glucose tolerance 
various ways. similar delay the disappearance the injected glucose was 
seen the alloxan diabetic rat. Adrenocorticotrophic hormone (ACTH 
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Armour mg. per 100 body wt.) and cortisone acetate (Merck mg. 
per 100 g.) did not cause any delay short-term experiments. partially 
purified preparation pituitary growth hormone which might expected 
contain the factor influencing glucose utilization (Park and Krahl, 1949; Cori, 
1950) was tested doses 3-0 mg. per 100 both.short-term hr.) and 
long-term (24 hr.) experiments with and without cortisone but decrease 
the rate glucose disappearance was observed. Sodium 1:2 naphthoquinone-4- 
sulphonate, which inhibits the hexokinase reaction (Meyerhof and Randall, 1948), 
was also tried mg. per 100 doses but did not appear have this effect. 


Glucose utilization vitro. 


Since the decreased glucose tolerance might due changes hexokinase 
activity this reaction was studied vitro. Our normal muscle hexokinase 
preparations behaved like those Colowick al. (1947), but difference was 
found when the muscle extracts were prepared from rats given fatal dose 
ATP 1-3 hr. previously. The normal rat diaphragm, under our conditions, 
utilized 3-5 mg. glucose per wet wt. per hr., and similar rate utilization was 
found with diaphragms removed hr. after fatal dose ATP. 


The effect total body carbohydrate. 
From the standpoint utilization carbohydrate ATP shock was 


necessary determine its effect the total body carbohydrate (see Methods 


The method used determined the body content free glucose together with the 
glucose liberated hydrolysis for hr. acid from its combined forms 
(polymers such glycogen and phosphates such and 
broadly speaking included all carbohydrate which had not passed beyond the 
zymohexase stage glycolysis. 

The rats used this work had well-defined sleep rhythm; they slept most 
the day, waking about 5.0 p.m. and feeding during the night. Observations 
were first made normal animals starved overnight and was found that the 
total carbohydrate the body was high the morning the experiment and 
fell during the course the day, shown Fig. such animals were 
given fatal dose ATP 10.0 a.m. and sampled either death when they 
became supine (about hr. before death), was found that the rate dis- 
appearance carbohydrate was about the same the normal animal despite 
the lower temperature the shocked animal (Fig. 6). 

These experiments were repeated fasting adrenalectomized rats. these 
animals the total body carbohydrate had fallen overnight levels similar that 
reached the end the experiments just described. this time probably 
consisted combined glucose not readily available for metabolic needs since the 
level did not change during the course the day (Bloom, Lewis, Schumpert and 
Shen, 1951). -It was completely unaffected fatal doses ATP. 

Further experiments were performed fed adrenalectomized rats given 
ml. per cent glucose per 100 body wt. stomach-tube 5.0 p.m. 
the day before the test. These results are shown Fig. and, under these 
conditions, the total body carbohydrate was higher than the fasting adrenalecto- 
mized rat and fell during the course the day. The adminstration fatal 
doses ATP accelerated the rate fall. 
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Total carbohydrate mg. glucose per body wt. 


10.00 12.00 14.00 16.00 18.00 


Fic. effect fatal doses ATP (i.p.), given 10.00 hr., the total carbohydrate 
content the normal male rat. 


Normal controls, 
ATP-treated animals death, 
examined when they became supine the end the 2nd stage, 


” ” 


or 


Total carbohydrate glucose per body wt. 


12.00 14.00 16.00 18.00 
Time (hr. 


Fic. 7.—-The effect fatal doses ATP (i.m.), given 10.00 hr., the total carbohydrate 
content the adrenalectomized male rats fed normally and given 2-0 ml. per cent glucose 
per 100 body wt. p.o. 17.00 hr. the day before the experiment. 

Controls, 
ATP-treated animals examined death, 
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Carbohydrate Metabolism Traumatic Shock. 

Before attempting discuss the significance all these changes they must 
compared with the effect other forms shock our remarks are have 
general applicability. 

Alterations carbohydrate metabolism are known occur shock and one 
the best known changes hyperglycaemia (Lundberg, 1929; Robertson, 
1935 Neufeld, Toby and Noble, Clark and Rossiter, Cole, Allison, 
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Glucose 


S> 


Time (hr.) 


Fic. 8.—The effect bilateral hind limb ischaemia the glucose, lactate and pyruvate 
concentrations and the lactate/pyruvate ratio blood the fasting male rat. Ischaemia 
between and Each point represents the average results rats. 


Murray, Boyden, Anderson and Leathem, 1944; McShan al., 1945). have 
confirmed this for ischaemic shock the rat (Fig. and rabbit, and man 
have shown (Green, Stoner, Whiteley and Eglin, 1949) that the degree hyper- 
glycaemia bears some relationship the severity the injury and the clinical 
condition the patient, independent his nutritional state. 

animals the effect limb ischaemia most interesting, since can 
accurately controlled whilst closely imitating many the severe injuries found 
surgical practice. Our results rats (Fig. resembled those McShan al. 
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(1945) for, with them, found that the main rise the blood sugar occurred 
after removal the tourniquets. The hyperglycaemia associated with fatal 
hind limb ischaemia was not great nucleotide shock, but moderate 
hyperglycaemia was maintained over many hours until the animal became 
moribund, when the level fell (Haist and Hamilton, 1944). The final fall could 
precipitated raising the environmental temperature increase the severity 
the shock state (Tabor and Rosenthal, 1947; Green and Stoner, 1950a). The 
relationship the adrenal these changes the same nucleotide shock 
that hyperglycaemia not seen the medullectomized adrenalectomized. 
animal and shock these animals associated with fall the blood-sugar 
level (Selye and Dosne, Remington, Drill, Kleinberg and Swingle, 
Engel al., 1943; Clark and Rossiter, 1944). have confirmed this for 
ischaemic shock the rat. 


S 


Blood sugar (mg. per 100 ml.) 


Time (hr) after dose 


Fic. 9.—The blood-sugar curves obtained glucose tolerance tests man 37) 
and days after fall resulting compound fractures the 
maxilla and the lateral condyle the femur. 


Shock also accompanied increase the lactate and pyruvate contents 
the blood. Noble-Collip drum shock and gravity and haemorrhagic 
shock, notably the latter, there progressive rise the concentration 
these constituents, especially lactate, that the lactate/pyruvate ratio 
increases. shock due burning (Clark and Rossiter, 1944) limb ischaemia 
(McShan al., 1945) there sharp rise the lactate and pyruvate levels and 
the lactate/pyruvate ratio shortly after the burn release the tourniquets, 
after which the levels fall somewhat, and, whilst remaining above normal, are 
such give ratio within normal limits (Fig. 8). the terminal stages 
further accumulation lactate occurs, but for most the shock period the ratio 
lactate pyruvate normal. 

The effect shock the distribution glycogen has been frequently studied 
the writers already mentioned, and generally agreed that there decrease 
the amount present both within the area injury and distant tissues. 
Glucose utilization ischaemic shock has been studied rats Haist and 
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Hamilton (1944) and dogs Haist (1946), who found that glucose given either 
orally intravenously appeared accumulate the blood stream. Decreased 
glucose tolerance has been reported after other forms injury Masson (1941), 
and Seligman, Frank, Alexander and Fine (1947). Glucose tolerance studies, 
the methods used were not very productive when applied rats 
ischaemic shock, but indicated some decrease tolerance the later stages. 
The glucose load may not have been great enough reveal the defect, for the 
subcutaneous administration 500 mg. glucose per 100 body wt. gave results 
similar those Haist and Hamilton (1944). 

Similarly, man, decreased glucose tolerance has frequently been found 
after injury (Thomsen, 1938 Sachar, Walker and Whittico, 1950). have 
observed this previously healthy male who had variable glycosuria com- 
mencing the second day after receiving multiple injuries, continuing for days. 
His blood-sugar response oral dose (50 g.) glucose the 7th and 14th 
day after injury shown Fig. 

Changes this type are not only seen after physical and chemical injury. 
Between 1920 and 1940 considerable interest was displayed the effect 
toxaemia carbohydrate metabolism (see Holmes, 1939). The toxaemia was 
usually produced injecting diphtheria toxin. The characteristic changes were 
adrenaline-induced hyperglycaemia, with depletion tissue glycogen stores, 
decreased glucose tolerance and insulin resistance. The pattern the response 
the same for all types injury. 


DISCUSSION. 


Although the results referred here were largely obtained nucleotide shock, 
there little difference between the changes carbohydrate metabolism 
nucleotide shock and shock produced other ways. Consequently, the conclu- 
sions drawn may have general applicability. Nucleotide shock has the advan- 
tage that the changes are better defined than some forms shock where many 
factors are operative. The disturbance carbohydrate metabolism can 
divided into three stages. 

What the mechanism the hyperglycaemia which such striking feature 
the early stages nucleotide The absence hyperglycaemia 
the adrenal-medullectomized and adrenalectomized rat and the loss chromaffin 
staining from the adrenal medulla both suggest that due increased 
secretion adrenaline. This would seem follow reflex stimulation the 
adrenal medulla, the degree stimulation being proportional the shock- 
inducing potency the adenyl derivative. Although these compounds cause 
stimulation the neurohypophysis (Green and Stoner, 1950a), the hormones 
the posterior pituitary not play part the hyperglycaemia since the 
antidiuretic effect ATP not reduced adrenalectomy medullectomy 
(Dexter, Stoner and Green, unpublished). The use methods which not 
estimate glucose phosphates and other reducing sugars and the employment 
D-ribose-treated controls eliminates the possibility that the excess sugar derived 
from the pentose the injected ATP (Schlenk and Waldwogel, 1947 Waldwogel 
and Schlenk, 1949). The hyperglycaemia nucleotide shock, therefore, closely 
resembles that following other forms injury where agreed that 
adrenaline the responsible agent. 
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The excess glucose comes from the glycogen the liver and muscle. The 
muscle glycogen, after its conversion and re-conversion glucose the 
liver forms the chief energy source the fasting animal. The amount glycogen 
lost from the tissues corresponds closely the glycogen 
Bloom al. (1951), and suggests that the nucleotide shock all the metabolically 
available glycogen mobilized. Adrenaline acts the phosphorylase step 
glycogen degradation (Sutherland and Cori, 1951) and A5MP activator 
this enzyme (Cori and Green, 1943; Cori, Cori and Green, 1943), but not 
known the A5MP derived from the injected ATP affects the rate 
tion nucleotide shock. The species differences the liver glycogen changes 
are not surprising they are due adrenaline, most likely. Evans al. 
(19316) have found species differences the liver glycogen response injected 
adrenaline, and Cori and Cori (1928) have shown that, under these conditions, 
the level usually rises the rat, for rat liver inactivates adrenaline rapidly 
that may injected into the portal vein without affecting the hepatic glycogen 
(Sherlock, 1949). The hepatic nerves may also exert direct effect, e.g., the 
fed adrenalectomized animal. 

With this hyperadrenalinaemia the raised lactate and pyruvate levels the 
blood this stage were expected. The excess these compounds 
derived from the breakdown muscle glycogen and probably also, some extent, 
from the catabolism the excess glucose which will occur this stage. Although 
there some interference with the tricarboxylic acid cycle leading citrate 
accumulation the early stages ATP shock (Threlfall al., 1951), experiments 
with fluoroacetate ourselves and Buffa and Peters (1950) have shown that 
this would not affect the blood lactate and pyruvate levels. Furthermore, 
although these levels are raised the ratio between them remains unaltered, 
that there evidence any conversion anaérobiosis this time. The 
results merely indicate greater volume traffic the glycolytic shuttle. The 
increased ratio the early stages ischaemic shock due, according McShan 
al. (1945) and ourselves, the sudden release into the circulation the lactate 
pent the ischaemic limb. 

These alterations carbohydrate distribution comprise the first stage the 
response and are common many types injury. This stage may called 
the period carbohydrate mobilization. The first response the body injury 
move all the stored carbohydrate into one the extra- 
cellular space. 

The second stage accompanies the phase established shock and charac- 
terized, nucleotide shock, continued hyperglycaemia, the return the 
lactate and pyruvate the blood normal levels and the absenee glycogen 
storage. The clue this stage seems lie the mechanism the maintained 
hyperglycaemia. 

The question arises whether the glucose from the glycogen stores sufficient 
account for the hyperglycaemia. Calculations, based the assumptions 
Long, Katzin and Fry (1940), suggest that not and that gluconeogenesis 
from protein must occurring. Evidence for this seen the increased 
output the urine. This implies increased activity the adrenal cortex which 
known occur nucleotide shock (Stoner and Green, 1950). other 
forms shock, the adrenal cortex stimulated ACTH liberated from the 
pituitary mainly result the hyperadrenalinaemia. 
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Gluconeogenesis cannot wholly explain the continued hyperglycaemia because 
after inactivation the pituitary-adrenal mechanism, fatal doses ATP not 
leave the blood-sugar level unchanged but produce fall. the normal animal 
shock decreases the rate glucose utilization, contrary what one would expect 
from the work Soskin and Levine (1937). This cannot satisfactorily 
explained terms disturbed haemodynamics, lowered body temperature 
altered gradients across the vascular membrane but dependent upon the adrenal 
cortex, the absence which shock actually increases the rate glucose 
utilization. Since the catabolism HDP unaffected cortical hyperactivity 
must interfere with early steps glycolysis. 

has long been known that the adrenal cortex and pituitary must present 
for the full development adrenaline hyperglycaemia (Braier, 1931; Collip, 
Thomson and Toby, 1937). Although adrenaline has been said increase sugar 
utilization the tissues (Himsworth and Scott, 1938) the evidence for this has 
been questioned (Somogyi, 1950), and Cohen and Needham (1947) have put 
forward the view that part the hyperglycaemia after adrenaline due 
peripheral decrease glucose utilization. has been shown (Cohen, 1949) that 
the utilization glucose, but not HDP, the diaphragm reduced when 
the rat previously injected with adrenaline. This did not occur when the 
adrenaline was added vitro and was concluded that adrenaline acted indirectly. 
Walaas and Walaas (1950) have claimed that adrenaline has similar action 
vitro, but this must await confirmation view the numerous discrepancies 
between vivo and vitro results this field. All this shows how the initial 
secretion adrenaline might, through the mediation cortical hormone, lead 
interference with the glycolytic mechanisms early stage. 

their work diabetes Cori and his co-workers (Price, Cori and Colowick, 
Price, Slein, Colowick and Cori, 1946; Cori, 1950) have developed the 
theory that the first step glucose utilization, the hexokinase reaction, 


glucose ATP glucose-6-phosphate ADP, 


inhibited anterior pituitary factor, closely related the growth hormone, 
and that this inhibition may reinforced hormones the amorphous fraction 
adrenal cortical extracts, and antagonized insulin. Although this 
hypothesis has received support (Reid, Smith and Young, 1947) has not gone 
unquestioned (see Christensen, Plimpton and Ball, 1949), and the work Stadie, 
Haugaard and Marsh (195la, indicates some the complexities involved. 
Nevertheless, the hypothesis gains ground from the large number experimental 
findings embraces, and Villee and Hastings (1949) conclude that adequate 
provided one does not exclude other inhibitory actions the adrenal hormones. 

first sight the Cori hypothesis would seem explain the changes the 
utilization glucose the shocked animal. Unfortunately have not been 
able reproduce the effect vitro with tissue from animals nucleotide shock, 
nor could reproduce the effect vivo giving growth hormone, ACTH, 
cortisone combinations these hormones. These negative results are not 
final, for the difficulties demonstrating hexokinase inhibition vitro, 
described the papers mentioned above, are considerable. our experiments 
conditions (time sampling, etc.) may not have been propitious. Certainly the 
initial glycogen level the diaphragms would have been different (Hansen, 
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Rutter and Samuels, 1951). Similarly, vivo, the growth hormone may not 
have been rich the factor responsible for the early inhibition utilization. 
Further, the adrenal factor associated with the amorphous fraction rather than 
with any the better-defined fractions. The rats used were normal diet 
and had normal pancreatic function, and under these conditions the rat known 
resistant the effects these hormones (Ingle, Prestrud, and Evans, 
1947; Milman and Russell, 1950; Young, 1951; Engel, Coggins, Lynn and 
Vian, 1951; Reid, 1951), that our tests may have been done the presence 
excess insulin. The results obtained alloxan diabetes may more signi-. 
ficant, since they show that when disturbance the Cori type does occur, the 
effect the rate disappearance injected glucose from the blood stream 
resembles that shock. The effect shock insulin secretion not known 
but may important. Whilst shock accompanied increased secretion 
ACTH and adrenal cortical hormones, nothing seems known about changes 
growth hormone secretion this condition and this the central point the 
Cori hypothesis. Indeed, Selye (1946) states that decreased shock, but 
his evidence for this flimsy. Despite these negative results the Cori hypothesis 
probably provides the best explanation, the moment, the experimental fact 
that established shock there block the early stages glycolysis. Further 
evidence support this view will presented later paper. The possibility 
direct participation nucleotide breakdown products must also borne 
mind since Greenberg (1949) has shown that A5MP will inhibit glycolysis vitro. 

Accepting the existence this block easy see why the blood lactate 
and pyruvate levels return normal the second stage shock, since there will 
now lack substrate for the lower steps glycolysis. This may also 
explain the fall the kidney citrate level this time, for have seen that 
accumulation occurs unless considerable amount carbohydrate being 
metabolized (Threlfall al., 1951). When the adrenals were removed, lactate 
did not accumulate until just before death, again showing that severe shock may 
exist without preponderance glycolysis over oxidation. 

The second stage continues until about hour before death. The third 
terminal stage characterized falling blood-sugar level and rising lactate 
level. The blood lactate/pyruvate ratio thus increased. The main problem 
here the fate this glucose. possible that the permeability the vascular 
membrane now altered that the glucose diffuses out into the inter- 
cellular space. This unlikely the glucose content this space increased 
during the phase hyperglycaemia, and although remains high does not 
increase further this stage. The glucose the blood during the terminal stage 
appears isolated for, whilst the tissue cells remain bathed fluid high 
glucose content, the blood becomes hypoglycaemic. The contemporaneous rise 
the blood lactate level suggests that blood glucose converted lactate and 
that, result terminal hypoxaemia, excessive glycolysis occurring within 
the vascular compartment. This isolated event, and the rise the lactate/ 
pyruvate ratio the blood this time cannot taken indication 
generalized conversion anaérobiosis. 

This division into three stages the response the carbohydrate metabolism 
injury possible for all types injury and must consider why they occur. 
Our general view shock protective mechanism (Green, 1946 Green and 
Stoner, that designed lead the conservation energy-yielding 
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substrates until the forces injury are expended and repair possible. Carbo- 
hydrate, the main substrate, appears conserved the conversion 
much glycogen possible into glucose (Ist stage), and its retention that 
metabolically inert form the extra-cellular space the inhibition the early 
steps glucose phosphorylation (2nd stage). The protection thus afforded 
profound, for interfered with any way, adrenalectomy, the ability 
the organism withstand injury enormously reduced. 

Not only must the body carbohydrates safeguarded for the recovery 
period, but also order resist the severe demand which the injured tissues 
make upon them. reflection this seen the experiments the total 
body carbohydrate, which disappeared the same rate the normal and 
shocked rat despite the occurrence the latter gluconeogenesis, 
inhibition and lower body temperature. The glycolysis 1-63 (Bendall, 
1951). the temperature the shocked rat about 10° below normal this 
factor, alone, implies that metabolizing 1°63 times more carbohydrate than 
would normal rat the lower temperature. After adrenalectomy the rate 
consumption even greater. The striking discrepancy between the carbo- 
hydrate consumed and the energy produced suggests either inability meta- 
bolize the substrate completely the uncoupling phosphorylation from 
oxidation, which unlikely results). This incomplete metabolism 
should lead the accumulation intermediate. There are few clues the 
site this further point inhibition. The ability metabolize HDP and the 
absence significant accumulation lactate except the final stage, when 
probably confined the blood, indicate that beyond the pyruvate 


stage and therefore the tricarboxylic acid cycle (Threlfall al., 1951). 


SUMMARY. 


Extensive studies carbohydrate metabolism nucleotide and ischaemic 
shock have enabled define three stages the response. 

The first stage that carbohydrate mobilization which the carbohydrate 
stores, result reflex stimulation the adrenal medulla, are converted 
glucose and stored the extra-cellular space. 

The second stage characterized decreased rate glucose utilization, 
due inhibition the early steps glycolysis, and gluconeogenesis. This 
further result enhanced adrenaline secretion, which indirectly stimulates 
the adrenal cortex, tissue playing major part the reactions this stage. 

The features the third stage, which immediately precedes death, are fall 
blood sugar and rise blood lactate probably due terminal anoxia. 
They not appear have great general significance, and largely represent 
changes occurring within the blood stream. 

These changes are discussed their relation the view that shock 
defence mechanism against injury. Injury appears impose great demand 
the carbohydrate resources the body, and all these reactions can interpreted 
means conserving energy-producing substrate such time recovery 
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doses unadapted influenza virus are capable producing early 
profound toxic reactions which not appear depend the production 
infective virus and are not transferable series. These toxic responses live 
inactivated influenza virus may divided into two local tissue 
reactions the site virus inoculation and diffuse reactions following systemic 
virus administration. Direct inoculation non-neurotropic influenza virus into 
the brain produces convulsions and death mice and rats, ataxia and spasticity 
guinea-pigs and hamsters (Henle and Henle, 1946a). Corneal opacity has been 
described rabbits after intraocular injection allantoic fluid preparations 
virus (Evans and Rickard, 1945). Intranasal instillation certain strains 
virus, especially influenza causes pulmonary consolidation mice (Dudgeon, 
Stuart-Harris, Glover, Andrewes and Bradley, 1946). Although unadapted virus 
multiplies mouse lung under certain conditions, its capacity produce pul- 
monary consolidation appears due toxic action since very large doses 
are required, the infective titre diminishes terminally, and short repeated 
passage produce adapted virus (which frequently not successful) the reaction 
not transferable (Sugg, 1949). Examples generalised toxic responses 
intravenously-injected virus are death mice (Henle and Henle, hypo- 
tension rats (Chang and Kempf, 1950), lymphopenia (Harris and Henle, 1948) 
and fever (Wagner, Bennett and LeQuire, 1949) rabbits. 

studies the pyrogenic and lymphopenia-producing actions viruses 
the influenza group, was found that animals were unresponsive second 
injection virus hours later (Bennett, Wagner and LeQuire, 1949). This 
tolerance was exhibited for heterologous well homologous strains pattern 
corresponding the vitro receptor gradient Burnet, McCrea and Stone 
(1946). The state resistance homologous virus challenge was short 
duration, complete return susceptibility being manifest the time maximal 
circulating antibody response. Filtrates Vibrio cholerae and Clostridiwm 
welchit which contained receptor-destroying enzyme (RDE) were also effective 
minimising the pyrogenic response subsequent injection virus (Wagner 
and Bennett, 1950). was interest determine whether this insensitivity 
was peculiarly related the rabbit thermoregulatory system whether could 
demonstrated for specific localised toxic reaction another host. The 
present report account altered susceptibility the neurotoxic action 
influenza virus the mouse. 

Fellow the United States Public Health Service. Present address Internal 
Medicine, Yale Univ School Medicine, New Haven, Connecticut, U.S.A 
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MATERIALS AND METHODS. 
Viruses. 

Three classical strains influenza virus were used the studies neuro- 
toxicity, the and strains influenza and the Lee strain influenza 
These strains grew readily the lungs mice after intranasal inoculation, but 
exhibited only slight capacity multiply mouse brain. Certain studies were 
carried out with variant the strain which had been adapted grow 
the brains mice (NWS) Stuart-Harris (1939) and had maintained this 
property after many passages chick embryos. Allantoic fluid preparations 
these viruses were used all experiments. Infected fluids were obtained 
from 12-day-old chick embryos inoculated hr. previously with 0-1 ml. 
dilution seed inoculum. Precautions were taken avoid contamina- 
tion with bacteria and their products that might cause neurotoxic effects. Since 
was necessary concentrate the non-neurotropic strains achieve optimal 
lethal titres challenge inocula, this was carried out centrifugation pooled 
allantoic fluids 18,000 r.p.m. for one hour refrigerated centrifuge. The 
sediments were then reconstituted broth-saline (0-5 per cent peptone, 0-7 per 
cent sodium chloride, 0-075 per cent glucose and veal extract, adjusted 
about one-tenth the initial volume. All preparations were stored 
for future use glass-sealed ampoules 60°. Under these conditions storage 
concentrated virus broth-saline maintained its neurotoxic potency for several 
months. 


Haemagglutination. 

Determination the haemagglutinin content unconcentrated 
centrated allantoic fluid preparations was carried out modification the 
Salk (1944) pattern test. End-points were read the highest dilution material 
showing partial agglutination (50 per cent) suspension 0-5 per cent chicken 
erythrocytes final volume 0-5 ml. Tests inhibition haemagglutination 
were performed using partial agglutinating doses (A.D.) virus. 


Cholera vibrio filtrates. 


Crude filtrates the strain cholerae were prepared this laboratory 
the method Burnet and Stone (1947) and kindly supplied Dr. Bozzo. 
Two preparations were used having identical titres RDE 128) for the 
chicken erythrocyte receptors stock Melbourne strain influenza virus. 
The respective activities these crude filtrates mice were almost identical. 
Neither these preparations produced any untoward effects mice after intra- 
cerebral injection undiluted material. 


Mice. 

All experiments included this report were conducted with virus-susceptible 
albino mice strain known this laboratory which had been 
received originally from the Laboratories the Rockefeller Institute New York 
(Webster, 1933). Previous experience with another albino strain (Parkes) had 
shown that these latter mice were less susceptible the neurotoxic action 
concentrated influenza virus and less suitable for supporting the growth NWS 
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the brain. Newly weaned mice about weight were used exclusively, 
since preliminary studies had revealed greater susceptibility and uniformity 
response young mice. These variations neurotoxic action influenza 
viruses for mice different ages and strain are agreement with the findings 
Henle and Henle 

Comparison the neurotoxic potency several different pools concen- 
trated virus each strain revealed fairly close correlation between the toxic 
action the individual strain and its haemagglutinating capacity. However, 
previously indicated Henle and Henle (1946a), variation degree response 
between strains was observed. Thus 3100 A.D. Lee virus per inoculum repre- 
sented For the equivalent lethal action virus 3625 A.D. were 
necessary, and for PR8 10,000 A.D. Injections were given 0-03 ml. volumes 
directly into the brain substance mice lightly anaesthetised with ether. All 
challenge inoculations were done the cerebral hemisphere opposite the one 
which had received the preliminary injection. 

Mice were examined twice daily from the Ist day after challenge injection 
until the end the 3rd day, and once daily thereafter until the 7th day, when all 
toxicity experiments were terminated. induce convulsions mice were sus- 
pended the tail and twirled moderately vigorously between the thumb and 
forefinger about Three types responses were distinguishable. small 
proportion the animals were found dead convulsing spontaneously between 
the and 3rd days. The largest number responded twirling with tonic 
convulsion that usually ended death. Certain the animals, especially those 
having received sub-lethal doses virus those previously treated, reacted with 
convulsions dancing nature and invariably survived the immediate 
effects this reaction, perhaps succumb later date. Those responses 
twirling which involved twisting, rolling temporary ataxia were disregarded. 

order facilitate comparison degree neurotoxic response treated 
animals arbitrary simple scoring system was used. Death within the first 
days after injection challenge material, whether spontaneous following 
induced convulsion, was recorded Convulsions either tonic clonic 
character without death the first days death from the 3rd 7th days 
were designated Convulsions without death between the 3rd and 7th 
days after challenge were given score 0-25. Only the maximum individual 
toxic response the earliest day was considered the scoring. The extent 
reaction evoked virus challenge similarly-treated group mice 
was recorded the arithmetic mean the individual reactions which had been 
assigned these numerical values. The range possible responses, therefore, 
varied from indicating complete group insusceptibility, 1-0, the maximum 
toxic response elicitable. this manner the toxicity index was reflection 
the proportion affected animals group well rough estimate the 
severity and time onset reactions. 


Protective Action Sub-toxic Doses Virus. 
Homologous live virus. 


fluid containing fully infective Lee virus was diluted broth-saline 
2-fold steps give virus concentrations from 256 A.D. per inoculum. 
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Preliminary intracerebral injection this material groups mice each 
virus dilution produced observable deleterious effects. group control 
mice was injected with mixture equal parts allantoic fluid and 
broth-saline the same time. Twenty-four hours later each animal was 
lenged with Lee virus. The index toxicity for control mice was 
0-975. When the pre-challenge inocula contained between 256 and A.D. 
virus the incidence reactions was almost completely eliminated, the toxicity 
indices ranging from 0-1 less than A.D. were used the protective 


effect gradually diminished and disappeared completely the pre-challenge 


virus dose A.D. (Fig. 1). 

similar but even more marked effect was noted with the strain. Groups 
animals were prepared the same manner with preliminary injections 
live virus containing between and A.D. Challenge injection hours 


Toxicity index 


1-0 
pre-challenge Lee inoculum 


action live (solid lines) and 56°-heated Lee virus (broken lines). 
Each point the curves represents the mean index toxicity group mice chal- 
lenged with Lee virus hours after the preliminary injection. 


J 
later was given with concentrate. Twenty control animals showed 
toxicity index 0-95 compared the complete insusceptibility mice 
that had received preliminary injection A.D. homologous virus. The 
protective effect began recede with less than A.D. pre-challenge 
and was longer apparent with A.D. (Fig. 2). 


Heterologous live virus. 

Live Lee virus was considerably more effective producing tolerance the 
neurotoxic action virus than homologous challenge. The 
experiment was performed the same manner using groups mice each 
injected with Lee virus 256 1/32 A.D. Challenge interval and preparation 
were the same the previous experiment. Near-maximal protective effect 
was noted when only A.D. Lee virus preceded the challenge. Further 
dilutions pre-challenge virus resulted gradual diminution tolerance, 
but slight residual resistance was apparent when only 1/32 A.D. was used (Fig. 1). 
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Intraperitoneal injection 1000 A.D. Lee virus produced alteration 
susceptibility WS. neurotoxicity. 

The neurotoxic action Lee virus was easily inhibited previous 
injection virus was the homologous strain. seen Fig. the 
degree refractoriness produced preliminary injection virus was 
the same order for neurotoxic challenge with either Lee virus. 


Heated Lee virus. 

allantoic fluid suspension Lee virus was heated 56° for one hour. 
This completely destroyed its infectivity for chick embryos but produced 
reduction haemagglutinating capacity. The anti-neurotoxic activity this 
material was tested for Lee and viruses the manner described 


Toxicity index 


A.D. pre-challenge inoculum 


various concentrations live virus groups animals. 


above. The curves toxicity indices Fig. show that heating produced 
considerable loss the protective activity Lee virus for homologous virus, 
but less marked reduction tolerance challenge. 


Protective Action Cholera Filtrate. 


The intracerebral injection 0-03 ml. undiluted crude cholerae culture 
filtrate completely abolished the neurotoxic response LD,» challenge hours 
later Lee, viruses. test the relative effectiveness this 
material for each the three strains the challenge dose and time were kept 
constant while the concentration cholera filtrate was varied 4-fold decrements 
dilution broth-saline. Experiments with each strain and each dilution 
cholera filtrate were done concomitantly groups mice. The toxicity 
indices equal number control animals which had received broth-saline 
prior challenge were 0-95 greater for each strain. 

seen Fig. the concentration crude cholera filtrate required produce 
neurotoxic tolerance was far greater for the Lee strain than for either the 
PR8 strains. with the type modified response toxic challenge 
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produced pre-injection with Lee virus, sharp end-point protection was 
noted for the strains. Beyond the dilution affording maximal protection 
there was gradual increase percentage susceptible individuals well 
increase the severity and frequency reactions. However, was not 
until 1000-fold dilution cholera filtrate was reached that there was complete 
failure protect against the toxic action and viruses. The impor- 
tance direct cerebral injection was demonstrated, since undiluted cholera 
filtrate was completely ineffective when given the intraperitoneal route prior 
intracerebral challenge with viruses. 
the basis toxicity index 0-5 the anti-neurotoxic action the cholera 
filtrate was more than 100 times greater for PR8 than for the Lee strain. 
The RDE titre the preparation used these experiments was 128 when tested 
the method Burnet and Stone (1947) for its capacity remove the chicken 


Reciprocal cholera filtrate dilution 


Fie. 3.—Comparison the anti-neurotoxic action crude cholera filtrate (solid lines) for 
Lee, strains virus and cholera eluate (broken lines) for Lee and 
virus. 


erythrocyte receptors for stock strain Melbourne virus. Erythrocytes treated 
with the cholera filtrate for minutes 37° exhibited only times greater 
loss receptor activity for virus than for the Lee strain. This seemed 
indicate that least portion the strikingly high anti-neurotoxic activity 
crude cholera filtrate for the and strains was attributable substances 
other than RDE. adsorption RDE red cells and elution therefrom into 
fresh diluent some the contaminating substances the crude filtrate can 
removed (Burnet and Stone, 1947). eluate prepared this manner Miss 
Harding and having RDE titre 128 was tested for its anti-neurotoxic 
action against Lee and viruses. The results this experiment are also 
shown Fig. The curve protective action the eluate for Lee virus 
toxicity does not appear significantly different from that the crude 
filtrate. contrast this the toxic action the strain was inhibited 
much lesser extent the partially-purified preparation than crude filtrate 
having identical RDE titre. 
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Time Onset and Duration Tolerance. 
Live Lee virus. 


The tolerance rabbits the pyrogenic and lymphopenia-producing effects 
virus conferred single previous injection homologous virus maximal 
This resistance incomplete when the interval challenge days 
and disappears between the 7th and 11th days after single injection. The return 
fully susceptible state occurs spite rising level circulating anti- 
haemagglutinin (Bennett al., 1949). 

The onset and duration the phenomenon tolerance neurotoxic challen 
were determined for constant doses protective and challenge injections live 
Lee virus. After preliminary inoculations with 256 A.D. virus, 110 mice 
were challenged groups with Lee virus intervals ranging 
from hour days. There was diminution susceptibility hour after 


Cholera filtrate 
Hours Days 
Time Lee challenge 


Fic. 4.—The relationship time challenge with Lee virus the degree neuro- 
toxic resistance afforded single constant dose virus (256 A.D.) cholera filtrate. 


the pre-challenge injection, but gradually increasing tolerance was discernible 
from the 3rd 6th hours. The maximum degree tolerance was observed 
the group challenged hours. This declined somewhat the 2nd day, 
and the 3rd 4th days the protective effect had all but disappeared. Between 
the 7th and 14th days after single preliminary injection second slight but 
definite increase tolerance was observed -(Fig. 4). 

This late resistance neurotoxic challenge with homologous virus coincided 
with the time maximal antibody response. Henle and Henle found 
high level immunity the toxic action intravenously injected influenza 
virus mice vaccinated with the homologous strain one week previously. 
order determine the part played specific immune mechanisms the resis- 
tance mice neurotoxicity, animals were vaccinated with three consecutive 
daily injections undiluted Lee allantoic fluid the combined intracerebral 
and intraperitoneal routes. equal number animals the same age served 
unvaccinated controls. Ten days after the last doses vaccine half the 
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animals each group were killed and heart blood collected. Individual 
titrations heated sera were performed with A.D. unheated Lee virus. 
The vaccinated animals showed average response 350 opposed <10 
for the controls. The remaining animals were challenged with Lee 
virus intracerebrally. The toxicity index for the vaccinated animals was 0-65 
compared 0-85 for the control group. identical results were obtained 
when undiluted allantoic fluid was used vaccine and animals were challenged 
with homologous virus. Vaccination with virus the intraperitoneal 
route alone was completely ineffective protecting against neurotoxicity. 


However, when high-titred immune ferret serum (H.I. 2560) was mixed with 


virus before injection, complete neutralisation toxicity was achie- 
ved. Anti-WS ferret serum also neutralised the action Lee virus, but this effect 
could eliminated preliminary heating the serum 56° for min. (Table I). 


TaBLE Effects Vaccination and Neutralisation Anti- 
Serum Toxicity Indices Neurotoxic Virus. 


Treatment. 


Direct neutralisation 


Homologous vaccination anti-WS 
Challenge virus. None 


Combined intracersbral and intraperitoneal live vaccine for consecutive daily injections. 
All mice challenged days after the last dose vaccine. 


These findings appear similar those Davenport (1951), who found 
that the local toxic action Newcastle disease virus mouse lung could 
neutralised immune serum, but that vaccination the intraperitoneal route 
did not alter susceptibility. contrast this, Henle and Henle success- 
fully vaccinated mice against the intravenous and intraperitoneal effects 
influenza virus. seems likely that the differences between late resistance 
local and systemic toxic reactions are due availability antibody the site 
challenge injection. 


Cholera filtrate. 

The onset and duration tolerance the neurotoxic action Lee 
virus were similarly tested for single constant dose cholera filtrate. 
intracerebral injection undiluted cholera filtrate was given each 110 mice 
which were challenged groups intervals ranging from minutes 
before days after the protective inoculation. difference was noted 
the degree reactivity mice receiving the challenge injection before the cholera 
filtrate, but definite decrease susceptibility was exhibited animals treated 
with cholera filtrate hour previously. The tolerance increased rapidly there- 
after, was complete hours and maintained for hours. gradual loss 
resistance ensued from the 2nd day onward, and before the 7th day treated mice 
were susceptible control animals. 

The time relationships protective action homologous live virus and 
cholera filtrate are presented Fig. is, course, way making 
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direct comparison the anti-neurotoxic action these two substances 
dose-for-dose basis. The limiting factor achieving maximal resistance with 
Lee virus was the concentration that could used without producing untoward 
effects its own. this series experiments the degree protection afforded 
Lee virus was only per cent hours compared with the solid 
conferred animals cholera filtrate. Nevertheless, the curves 
appear quite similar, the most striking difference being the more rapid 
onset tolerance the cholera filtrate-treated animals. 


Inhibition neurotropic-WS virus and cholera filtrate. 


The interfering capacity the original virus for the variant NWS strain 
has been demonstrated Andrewes (1942), and Burnet and Lind (1951). These 
observations were readily confirmed. When mice were challenged with 
NWS diluted menstruum containing 256 A.D. live per inoculum 
the survival rate was per cent. Live Lee virus was equally effective the 
same concentration, whereas control animals which had received the same chal- 
lenge injection diluted broth-saline all died the 6th day. However, when 
the interfering doses were given hours before challenge they were somewhat 
less effective producing resistance against the lethal action. previously 
noted, the protective activity against toxic action virus was negligible the 
first few hours and reached peak hours. 

Cholera filtrate showed only slight capacity protect mice against 
NWS. This was demonstrable only when the protective dose was given before 
challenge. effect was noted when the cholera filtrate was injected simul- 
taneously with the challenge virus. (Table IT.) 


Time challenge. 
Protective material. hours. 
Mean survival 
time (days).* 


Mean survival 


time (days).* Mortality. 


Mortality. 


256 A.D. 1/10 
Lee 256 A.D. 2/10 
Cholera filtrate (undiluted) 10/10 


Including 14-day survivors. 


DISCUSSION. 


seems likely that the anti-neurotoxic action cholera filtrate for Lee virus 
surface phenomenon akin its receptor-destroying action erythrocytes 
and respiratory epithelium. The relationships refractoriness Lee virus 
toxicity appear support surface receptor mode action. The rapid produc- 
tion tolerance which almost complete hours, plateau maximum 
protection extending hours after pre-challenge injection and reces- 
sion, indicate that the process resistance may correlated with destruction 
and regeneration cell receptors. These findings are quite consistent with the 
onset and duration vivo action RDE the respiratory surface receptors 
mouse lung (Fazekas St. Groth, 1948). The total lack effectiveness 
cholera filtrate when its injection follows that challenge Lee virus little 
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minutes indicates that the toxic action irreversible when virus has already 
been adsorbed entered the susceptible cells. The nature its action 
against and viruses appears more complicated, however, since 
partially purified cholera eluate with similar erythrocyte receptor activity was 
considerably less effective protecting agent. 

Cholera filtrate exerted far greater protective influence the reaction 
mice the neurotoxic action influenza virus than NWS. This also appears 
for the protective action non-neurotropic virus. possible that 


protection unadapted virus small proportion sensitive cells sufficient 


prevent the neurotoxic effect proceeding the level symptomatic disease. 
may that, order for neurotoxic symptoms develop, there must 
rapid involvement the majority susceptible cells more less the same 
time. the other hand, true encephalitogenic virus has the capacity cross- 
infect cells, and would appear necessary remove almost all cellular 
receptor prevent active infection. Also, due the longer incubation period 
NWS, single cell were parasitised would release newly-formed infective 
virus the time regeneration receptors and increasing cell susceptibility. 
seems likely therefore that partial receptor destruction could protect against 
the immediate neurotoxic action influenza virus, but that complete resistance 
infective virus would nearly all-or-none effect. 

The question arises whether the resistance neurotoxicity produced 
sub-toxic doses virus similar that cholera filtrate whether partly 
wholly intracellular effect. Indeed, neither the two classical analogues 
virus action, surface receptor destruction intracellular interference with 
virus growth, consistent with all the data relating the refractory state 
described here. Considering first the possibility purely extracellular type 
protective effect, certain resemblances the action cholera filtrate are clear. 
The curves time relationship protective action Lee virus and that 
cholera filtrate are essentially similar. The slower onset tolerance produced 
virus compared with that produced cholera filtrate similar their 
relative reaction times vitro erythrocyte and other receptors. The reduction 
protective effect virus due heating does not rule out the possibility 
action cell receptors. Enzymic destruction surface receptor virus 
heating but more limited capacity blockade receptors may maintained. 
The most important evidence against purely surface theory viral protective 
action the effect heterologous strains. there were common cerebral 
receptor site action might expected that gradient effect would apparent 
and thet the strain would afford little protection against Lee challenge. 
the contrary, WS-treated animals were tolerant heterologous virus 
lower the vitro gradient they were virus. this respect 
the anti-neurotoxic action viruses appears differ from the resistance rabbits 
the febrile toxic effect heterologous strains (Bennett al., 1949). 

certain respects the anti-neurotoxic action influenza virus differs from 
its interfering capacity for actively multiplying virus. The state tolerance 
neurotoxic challenge appears only after considerable lag period, and reaches 
maximum level between and hours. The interfering activity the same 
concentration virus for NWS evident immediately upon injection and has 
lost some its protective action hours. The most important feature 
which the resistance neurotoxic action influenza virus differs from inter- 
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ference phenomenon that inhibition active viral growth ordinarily requires 
level protective virus that considerably higher than that the challenge 
virus. the case the state resistant toxic action only 1/10,000th 
the amount Lee virus that will produce toxic action effective protecting 
dose. 

SUMMARY. 


Intracerebral injection sub-toxic doses influenza virus produced state 
resistance the neurotoxic action homologous virus. 
Heated virus was somewhat Jess effective than live virus the same haemag- 
glutinating activity. Virus-induced neurotoxic tolerance developed gradually 
over period hours, which time was maximal and disappeared com- 
pletely the 4th day after single injection. slight rise resistance occurred 
again the 10th day, but attempts increase this late immunity repeated 
combined intracerebral and intraperitoneal injections were unsuccessful. 

Undiluted crude cholera filtrate possessed more rapid anti-neurotoxic effect 
than Lee virus. Its action against the PR8 strain influenza viruses 
was far greater than against the Lee strain, and was more than would expected 
comparison with erythrocyte receptor destruction. cholera 
eluate with the same RDE titre retained its protective activity for Lee virus, but 
exhibited marked reduction effectiveness against the strain. must 
assumed that least portion the anti-neurotoxic action cholera filtrate 
due substances other than RDE. 

Influenza virus was relatively more effective than cholera filtrate 
the pathogenic effects neurotropically-adapted influenza virus. time 
onset and protective dose the anti-neurotoxic action influenza virus appears 
differ from classical interference phenomenon. 


The author indebted Dr. Andrewes and Dr. Isaacs for advice 
and criticism. Miss Adams rendered invaluable technical assistance. 
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CHRONIC fluorosis known occur man endemic disease and also 
occupational disease persons engaged industrial undertakings where 
fluorine compounds, such fluorspar cryolite are used 
fluxes, where materials are uséd which incidentally contain fluorine, as, for 
example, rock phosphates, certain phosphatic iron ores and even some coals. 
Persons residing the vicinity industrial undertakings which emit fluorine- 
containing gases, fumes dusts are subjected fluorine hazard (Murray and 
Wilson, 1946). 

Fluorine intoxication severe degree after prolonged exposure readily 
diagnosed man and animals reason the skeletal changes which result, 
but the time these changes are demonstrable man X-ray studies, the 
functional disability may considerable. proposed here consider only 
the effects the kidneys. survey workers, Roholm (1937) 
concluded that was doubtful whether renal lesions were typical fluorine 
intoxication. made post-mortem examinations the kidneys two workers 
one case found proliferation interstitial tissue, the other case found 
some stasis. 

studies endemic fluorosis man due high fluorine content the 
drinking water, attention has always been centred the teeth and bone changes, 
but Linsman and McMurray (1943) reported case which they considered that 
renal impairment with retention fluorine had been partly responsible for the 
osteosclerosis. Shortt, McRobert, Barnard and Nayar (1937) studied ten cases 
endemic fluorosis and found the majority impaired kidney function, but 
this might well have been due part other causes. The studies McClure, 
Mitchell, Hamilton and Kinser (1945) have shown that man fluorine intake 
mg. per day can eliminated completely the kidneys, but that above 
this level there retention from then the effects are cumulative. The use 
fluorine industrial processes has rocketed recent years, and several out- 
breaks animal fluorosis have been reported Great Britain. Such outbreaks 
might also involve hazard the human population (Murray and Wilson, 1946). 

Experimental animals, when fed small amounts also exhibit bone 
changes, digestive disturbances, excessive water intake and polyuria (Roholm, 
Kick al., 1935). Post-mortem examination shows that the soft tissues 
also suffer changes. 

investigation has been carried out the effects the intake small 
amounts sodium fluoride kidney structure and function rats, with 
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view the possibility establishing some means testing for the toxic effects 
fluorine human beings, and demonstrating the existence fluorine 
hazard before such severe intoxication has resulted cause disability and 
obvious skeletal lesions. The effects kidney function are immediate. 


METHODS. 


Rats inbred hooded strain, kept controlled temperature F., 
were fed diet (Coward, 1938) consisting maize meal 2600 g., wholemeal 
wheat 800 g., casein 360 g., dried yeast 200 g., NaCl g., CaCO, g., 
wheat germ g., milk powder g., cod liver oil ml., green vegetables 
g., liver meat The animals were put the fluoride-containing diet 
different times after weaning and received, according age, the 
diet per day. The items the addenda were each given once week. the 
control group the diet was mixed with tap-water and the experimental group 
with 0-05 0-1 per cent sodium fluoride solution, using ml. either liquid 
each gramme diet. The amount fluoride ingested, therefore, was from 
mg./day. Different species animals vary their susceptibility 
the effects fluorine, and rats appear less readily affected than man, 
judged the effects teeth. The animals were weighed weekly. Except 
where otherwise stated, all animals received tap-water lib. The volume 
drunk was measured daily, and certain times the animals were transferred 
metabolism cages that the urine could collected, measured and analysed. 
Blood samples were taken from the tail vein. Blood-sugar determinations were 
made ml., using method described King (1951). endeavour 


was made carry out renal clearances with inulin and p-amino hippuric acid, 
but the results control rats were not consistent hence these results were 
inconclusive. 


RESULTS. 


The results reported below have been gathered over some years, and are 
representative observations made large number control and experimental 
rats. 


General observations. 


The intake fluorine was sufficient produce state chronic fluorosis. 
The animals developed definite symptoms, including the characteristic bleaching 
the dental enamel with gross hypoplasia the dental tissues and also bone 
changes, all which have been fully described previous authors (Roholm, 
1937). 

Investigations fluorosis have been carried out this laboratory for 
years, and only very exceptionally have rats died during the fluoride administra- 
tion the relatively low level used, and then only after year more exposure. 
The experimental rats showed retarded and diminished growth (see Fig. 1), 
which could part have been due the fact that times, owing the abnormal 
tooth development, the fluoride rats consumed less food than the controls. Most 
observers have attributed the diminished growth and loss weight adult 
animals low food intake and poor digestion and absorption, but our recent 
experiments have shown that adult rats there much greater urinary excre- 
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tion nitrogen. After several months the diet there was general loss 
condition, and some animals staring coat. This could not have been due 
deficiencies the diet, but might have been due failure absorb sufficiency 
essential nutrients (Spira, 1950). The fluoride rats ultimately showed greatly 
diminished body fat. 

was particularly noticeable that the fluoride-fed rats exhibited much 
greater water intake seen Fig. and (b) the effect came immediately 
(see Fig. but was greater the longer the exposure fluoride. Fig. 2(c) 
depicts the effect administration natural water high fluorine content 
parts per million) which the animals had drunk, and which after 


Body weight grams 


Age weeks 


Fic. 1.—Growth rates control and fluoride-fed male rats. 


Control rats 
Diet mixed with 0-05 per cent NaF: 
Diet mixed with 0-1 per cent NaF: 


centration ten times its original strength and then equivalent 0-008 per cent 
NaF was used for mixing the diet. none these experiments could the 
increased water intake and polyuria have been due merely increased salt 
intake, because replacement the NaF added the diet NaCl had 
effect the water intake. The effect was therefore judged due the 
specific action the fluoride ion. 

The fluoride ion well known inhibit several enzyme systems (Borei, 
1945), and noticeably those which are activated magnesium. some respects 
NaF acts, the body whole, like animals injected with sub-lethal 
lethal doses NaF show marked cyanosis. This fact taken conjunction 
with the increased water intake and polyuria led study kidney function 


the experimental rats. 
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Average daily water intake ml. 
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Age weeks Age weeks 


2.—(a) Water intakes. 
Water intake control rats 
Water intake fluoride-fed rats 
(b) Water intakes. 


Water intake control rats 


daily water intake 


Avera 


Age weeks 


(c) Water intakes. 


Water intake control rats 
Water intake rats drinking natural water high fluorine p.p.m.) and receiving 
diet mixed with this water concentrated times and equivalent 0-008 per cent 


Na 


Observations recorded when animals had been diet weeks. 
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autopsy the kidneys rats fed sodium fluoride for months more 
showed definite macroscopic changes they were dark, shrunken and nodulated. 
description the histological findings the kidneys given below. 


Kidney function. 


Two groups control and fluoride-fed rats kept special metabolism cages 
were investigated. The rats one group were months old and had received 
the NaF for months; the others were months old and had been the 
fluoride diet for weeks. 

The volumes urine excreted comparable groups contro] and fluoride- 
fed rats can compared from the figures given Table II, which shows that 
there was polyuria the fluoride-fed rats. The average hourly volume 
urine was ml. for the fluorine rats and 0-25 ml. for the controls. The urine 
the fluoride-fed rats was very pale and dilute and had low specific gravity 
was free albumin, blood pigments and casts. When food was withheld over- 
night, the urines the fluoride-féd rats gave positive test (Cole, 1944) for 
sugar blood-sugar levels between mg./100 ml. 

Both control and experimental rats were given glucose tolerance test. Each 
rat was given 0-2 glucose/100 body weight injected intraperitoneally 
per cent w/v solution physiological saline. The controls showed definite 
glycosuria, although the blood-sugar levels were never greater than 125 mg./ 
100 ml. These results are given Table 


Blood and Urine Control and Treated Rats. 


Control rats. NaF diet rats. 


Age months. 
Age months. (NaF given for months.) 


Blood sugar (mg./100 ml.) hour after 

intraperitoneal injection glucose 103 
Sugar urine for 3-hour period after 


would therefore appear that the mild glycosuria the fluoride rats was 
due to.a lowered threshold rather than diminished tolerance. 


DESCRIPTION PLATES. 


for alkaline phosphatase shows bands where the normal tissue has been replaced 
fibrotic tissue which the phosphatase absent. 

2.—Photomicrograph section kidney NaF-fed rat F20. Haematoxylin 
and shows the fibrotic lesions giving rise the mulberry-like appearance the 
surface. 

PLATE 3.—Photomicrograph 190 section kidney NaF-fed rat F20. 
and eosin: shows arteriole with thickened walls. Changes Malpighian corpuscles 
and convoluted tubules can also seen. 

4.—Photomicrograph 315 section kidney NaF-fed rat F22. Silver im- 
pregnation for reticulin fibres shows thickening and increase these fibres see 
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Nitrogen metabolism.—Emaciation marked feature all farm animals 
suffering from chronic fluorosis, but this has usually been regarded due the 
difficulty grazing, eating rumination resulting from lameness cattle 
jaw deformity abnormality the dentition sheep. The values have 
obtained for urinary nitrogen excretion show that the emaciation could part 
due increased metabolism. Table gives the results urine analyses 
rats kept metabolism cages without food for hours. 


Urine Control and Treated Rats 
(18-hour collections). 
Control NaF diet 


Age months. 


Age months. (NaF given for months.) 


Total nitrogen (mg. 134 120 132 


Alkaline phosphatase activity. 


Since appeared that tubular function rather than that the glomeruli 
was affected and because tubular function depends largely enzymic activity, 
histological demonstration and chemical estimations the level alkaline 
phosphatase were made both control and fluoride kidneys. the latter the 
distribution the alkaline phosphatase was very irregular (Plate 1); was 
practically absent from the fibrotic pyramidal areas described the histological 
report given below. the other regions the phosphatase reaction was more 
intense than sections normal kidneys which had been similarly treated. 
Estimations alkaline phosphatase homogenates the cortex control and 
fluoride kidneys showed consistent significant difference. This was first 
surprising, but could probably accounted for the greater concentration 
those regions the fluoride kidneys where was still present. This might 
response the considerable loss functional tubular tissue the fluoride 
kidney. may mentioned here that sections the intestinal mucosa 
the fluoride-fed rats also found patchy distribution, but some places 
greater alkaline phosphatase activity, incubation for min. giving intense 
test min. incubation sections normal intestine. 


Histological examination kidneys. 


routine procedure whenever fluoride rat was killed control rat the 
same age was sacrificed, and after post-mortem examination certain tissues and 
organs, including the kidneys, were taken for histological preparations. 
least twelve fluoride and twenty control rats’ kidneys have been given general 
histological examination. 

The sections described below were representative the fibrotic changes seen 
the fluoride kidneys varied degree with length exposure and from animal 
animal, but none the control rats were these typical changes encountered. 
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our experience that rats maintained good and varied diet used 
these experiments nephritis not commonly seen, stock laboratory 
rabbits. 

The following report the histological examination kidneys, the 
late Dr. Roodhouse Gloyne 

Rats F20, F21 and F22 had been put the NaF diet together the age 
weeks. Rat F20 died, probably from another cause, aged weeks. Its 
general condition was then poor, exhibiting staring coat and marked dental 


fluorosis. The kidneys were dark, shrunken and nodulated. Rats 


F22, with rat Al4, control animal also aged weeks, were sacrificed the 
same time. Rat F23 was killed after receiving the NaF diet for weeks. 
appearance, including that the kidneys, resembled F20. 

The kidneys rat F23 were fixed acetone for demonstration alkaline 
phosphatase (Gomori, 1946) and those the other rats formalin saline. All 
sections were thickness. They were stained either with haematoxylin 
and eosin, iron-haematoxylin van Gieson’s stain, Mallory’s connective- 
tissue stain, Foot’s silver-impregnation technique for reticulin fibres. 

Microscopical examination.—In all the kidneys examined the lesions were 
irregularly distributed. the affected portions the kidney tissue which 
corresponded with the areas devoid alkaline phosphatase (see Plate the 
following appearances were noted 

Rat F20.—Malpighian corpuscles: The basement membrane Bowman’s 
capsule was thickened and the capsular epithelium flattened and inconspicuous. 
The normal cleft-like sickle-shaped subcapsular space was dilated. The 
glomerulus was contracted and markedly lobulated, the capillaries were thickened 
and many instances difficult define, but the nuclei the visceral glomerular 
epithelium were generally demonstrable and erythrocytes were still present 
considerable number (Plates and 3). leucocytic reaction 
and there were haemorrhages. 

Convoluted tubules The lumina the convoluted tubules were often small. 
The cytoplasm the cells lining these tubules was granular and here and there 
contained small vacuoles. The outlines the cell envelopes were frequently 
difficult define, the free borders were ragged and brush borders obliterated. 
Nuclei had disappeared places, and there were tubules which cross-section 
all the cells seen were without nuclei (Plates and 3). few cystic dilatations 
tubules occurred. The collecting tubules were also occasionally dilated and 
contained cellular debris. 

the neighbourhood the glomeruli and along the collecting 
tubules arterioles exhibited considerable thickening their walls seen 
Plate 

Interstitial fibrosis: Radiating outwards from the internal medullary zone 
the cortex were elongated fibrotic strands tissue (Plates and 2), some- 
times pyramidal shape with their bases towards the cortex. These corresponded 
position the medullary rays the normal organ, and they consisted 
collecting tubules and arterioles irregularly compressed collagen and reticulin 
fibres. Often all that was left tubule was interrupted double row 
nuclei the epithelial lining. other places the compression the collagen 
fibres had resulted cystic dilatations. Generally speaking the constricted 
arterioles and venules were found along the margins the pyramidal strands. 


THE KIDNEY CHRONIC FLUOROSIS 175 


The reticulin fibres were substantially thicker than those the 
kidney the normal animal, and showed proliferation some parts the 
kidney. The region the collecting tubules was most affected and there were 
dense ramifications argyrophil fibres (Plate 4). Adjoining sclerosed glomeruli 
atrophied tubules thickened fibrous network was usually apparent. 

Rat F21.—Microscopically the lesions noted resembled those seen rat F20 
but were the whole rather more advanced. For instance, the cells the 
convoluted tubules contained more fat droplets and had become more vacuolated 
and disorganised until some areas nothing but skeleton cell envelopes 
lined the tubules. Here and there were collections darkly-stained rounded 
polygonal nuclei without cytoplasm surrounding the glomeruli and convoluted 
tubules. These appeared the remains the epithelial lining neighbouring 
convoluted tubules which had become collapsed, disorganised and obliterated. 
The collecting tubules tended become more cystic this animal. The 
pyramidal radiations collagenous tissue were present rat F20. 

Rat kidney sections from this animal presented picture which 
was general similar that rat F20, but there was greater proportion 
normal tissue and the areas the lesions were smaller. 

The noteworthy features the histological findings were 


(1) The exudation plasma into the subcapsular space the Mal- 
pighian corpuscles and the contraction the glomeruli. 

(2) Degeneration and collagenous thickening arteriolar walls. 

(3) Progressive degeneration and disorganisation the cell lining 
the convoluted tubules. 

(4) Cystic dilatation tubules. 

(5) The formation pyramidal strands collagen fibres containing 
constricted blood-vessels and compressed. collecting tubules. 

(6) Coarsening reticulin fibres. 


These lesions suggest chronic intoxication leading vascular, 
and tubular degeneration and finally interstitial fibrosis. There evidence 
infective inflammatory lesion. 


SUMMARY. 


Rats given small amounts NaF the diet exhibited, addition the 
well-known skeletal and dental lesions, marked polydipsia and polyuria. 

The urine these rats was low specific gravity, but free albumin and 
casts. 

There was slight glycosuria after hours’ fasting blood-sugar levels 
70-80 mg./100 ml. 

Administration glucose intraperitoneally produced definite glycosuria 
blood-sugar levels less than 125 mg./100 ml. Thus there was low kidney 
threshold. 

autopsy the kidneys were dark, shrunken and nodulated. 

Demonstration alkaline phosphatase showed that there were fibrotic lesions 
the cortex, where the enzyme was practically absent owing absence 
functional tubular tissue. 

The histological examination indicated that the kidneys there was vascular, 
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glomerular and more obviously tubular degeneration leading finally inter- 
stitial fibrosis. 

The fluoride-fed rats showed diminished growth, and low body weights 
there was marked diminution fat stores. 

Nitrogen metabolism was greater the fluoride-fed rats than controls. 


This work has been financed part expenses grant from the Medical 
Research Council, for which wish record thanks. 

should also like thank Dr. Wilson for advice throughout the 
investigations. 
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BACTERIOPHAGES, bacterial viruses, and their host organisms are probably 
the most favourable systems available for the quantitative analysis the process 
cell infection virus. Increasing attention being paid the initial 
phase infection, namely, the adsorption the virus the cell surface. The 
success which attended the adsorption viruses the influenza group the 
membranes lysed fowl erythrocytes basis technique for their examina- 
tion the electron microscope (Dawson and Elford, 1949) led look for 
similar means examining bacteriophage adsorbed the surface the host 
bacterial cell. found that staphylococci shaken with fine glass beads could 
ruptured, permitting the cytoplasmic content flow out, leaving the empty 
shells the organisms. These could separated and suitably mounted and 
photographed the electron microscope. new means was thus provided for 
investigating optically the nature the bacterial membrane and its interaction 
with phages. This paper describes detail the experimental techniques in- 
volved, and gives the results studies the adsorption Staphylococcus 
bacteriophage the membranes shells staphylococci. 


MATERIALS AND 


The organism used the development the method was the Oxford strain 
Staphylococcus aureus, N.C.T.C. No. 6571A. was grown either plates 
per cent agar Hartley’s broth Hartley’s broth with agitation. 

The phage used has been Staphylococcus bacteriophage originally supplied 


Production bacterial cell membranes 


For the initial experiments, organisms grown both agar and liquid 
culture were used. However, better dispersion pellets centrifuged suspen- 
sions was always obtained with organisms grown liquid medium and this 
method cultivation was adopted for all subsequent experiments. Staph. 
aureus was inoculated into ml. broth 250 ml. conical flask, plugged 
with cotton-wool, and incubated 35° with agitation for hr. this way 
suspension containing approximately 1-5 viable organisms per ml. was 
obtained. This was centrifuged 1500 r.p.m. for min., and the pellet 
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organisms washed three times and finally suspended ml. the fluid used 
for the experiment. The suspending fluid most commonly used was 0-85 per 
cent saline buffered 7-0 with M/150 phosphate. This suspension was 
then shaken with pyrex glass beads mesh, used Curran and Evans, 
1942) Mickle disintegrator (Mickle, 1948) for period 1-2 hr. 
Best results terms high percentage cell disruption were obtained 
using beads with ml. bacterial suspension. This gave very nearly 100 
per cent broken organisms and only 0-02 per cent viable organisms after hr. 
was found advisable cover the rubber bung the shaking vessel with wetted 
cellophane protect against the abrasive action the beads and prevent the 
contamination the product with particles rubber. 

The preparation after shaking consisted largely tenacious foam and 
few ml. fluid. The foam contained large proportion bacterial membranes 
and was centrifuged low speed collect liquid. preparation 
this stage consisted the following four (1) unbroken staphylococci 
(2) bacterial membranes (3) suspended insoluble intracellular granules; and 
(4) the soluble contents the broken-organisms. These are contaminated with 
colloidal particles glass which become broken off the beads during shaking. 
The first two these fractions were easily separable from the last two cyto- 
plasmic fraction pellet, when centrifuged moderate speeds. Whole 
staphylococci sedimented more quickly than the membranes, and considerable 
purification the preparation could effected repeated differential centri- 
fugation. The membranes were washed centrifugation and re-suspension 
fresh fluid least three times after breakage free them from the super- 
natant fluid. left this fluid even the cold the appearance the shells 
electron micrographs was found deteriorate rapidly. 

Estimation the number membranes the fluid could made direct 
counting, calculation from the original viable count organisms and the 
proportion broken organisms. The latter was found counting the 
tion membranes intact organisms phase contrast microscopy. the 
light microscope using positive phase contrast unruptured staphylococci appear 
opaque spheres. Ruptured empty membranes appear lighter rings across 
which darker diametrical band can frequently seen. 

For direct counts the number membranes and intact cells counting 
chamber known depth was used, conjunction with eye-piece containing 
mask known area its focal plane. For this purpose dark field microscopy 
was found most convenient, microscope being used with glycerol immersion 
Zeiss HGL objective conjunction with Zeiss cardioid condenser, this 
system having large depth focus. 


Various methods phage production were tried with the aim obtaining 
the maximum yield phage simply possible. Best results were obtained 
infecting organisms the cold and allowing lysis occur small volume 
medium. Organisms grown for hr. 35° broth with agitation were 
spun down and re-suspended phage concentrate (previously prepared) 
give infective ratio phage organisms 1:1. system was left 
adsorb for minutes and then the infected organisms were spun down 
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again. concentrated systems agglutination organisms was observed 
this stage. Finally the resulting pellet was re-suspended fresh broth 37°, 
and incubated large flask 35° with agitation until lysis was complete. 
this way, lysates containing over phage particles per ml. were obtained. 
The usual methods obtaining Staphylococcus phage result lysates only 
1/100 this concentration. The phage was purified dialysis and differential 
centrifugation and finally suspended water phosphate buffer. Bacterial 
sterilisation high titre phage preparations the usual methods was found 
very difficult not impossible without great phage. Sterilisation 
was finally accomplished adding few ml. chloroform the lysate. This 
killed all phage-resistant staphylococci and had effect upon phage titre. 


EXPERIMENTAL RESULTS. 


Quantitative experiments determine whether bacterial membranes adsorbed phage. 


suspension phage and membranes was prepared that the con- 
centration phage particles per ml. was and that membranes was 10°. 
The mixture was titrated immediately and again after minutes 0°. Results 
are shown Table apparent that the preparation membranes 


Adsorption Bacteriophage Bacterial Membranes. 


Plaques Percentage 
Procedure. per ml. adsorbed. 


Ratio phage membranes 1:10 


capable adsorbing phage particles, and that once adsorption had occurred 
phage particles lost their ability form plaques. Incubation phosphate, 
saline, veronal buffer and water failed elute any detectable phage. 
plication phage occurred the presence membranes and nutrient medium 
unless there was significant proportion viable organisms present. 

experiment was designed test the effect varying concentrations 
membranes and phage upon the percentage adsorption the latter. Results 
are summarised Table IT. 


Effect Concentration upon the Adsorption 
Bacteriophage Bacterial Membranes 


Percentage unad- 


Concentration 


Percentage unad- 


(No. per ml.) 


Concentration 
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The phage and membranes were mixed and incubated for hr. 37° before 
titration. The percentage phage adsorbed seen proportional the 
concentration both phage and membranes, but more dependent upon the 
latter. 


The effect bacterial upon bacteriophage. 


the preparation staphylococcal membranes, after the deposition 
membranes centrifugation supernatant fluid obtained containing the 
soluble and not easily sedimentable contents the bacteria. This fluid re-. 
ferred cytoplasm,” and was tested for ability neutralise the plaque- 
forming ability phage. 0-05 ml. Staphylococcus phage lysate was added 
ml. preparations staphylococcal cytoplasm undiluted, the same 
diluted 1/100 broth and broth control. The systems were titrated for phage 
and incubated for hr. 37° and then re-titrated. Results are shown 
Table ITI. 


Titre Titre after 
Tube contents, mixing. 30 min. at BT. 


was concluded that the prepared this method has 
demonstrable effect upon the plaque-forming ability phage. 


Electron microscopy adsorbed phage. 


Staphylococcal membranes were found very suitable for electron micro- 
scopy. Fig. shows intact staphylococcus, ruptured empty membranes and 
cytoplasmic particles. appeared likely that the process phage adsorption 
might studied electron microscopy the membranes after the adsorption 
phage particles upon them. 

Attempts were first made adsorb phage upon fresh membranes using 
bacterial lysates. success was obtained, however, there being phage 
particles visible membranes treated with lysates titres 
More concentrated preparations phage about were then used 
with phage membrane ratio about 100:1. This gave pictures membranes 
crowded with adsorbed phage (see Fig. 2). later preparations phage: 
membrane ratio about 10:1 was aimed at, which gave better pictures adsorp- 


EXPLANATION PLATES. 


Electron Micrographs. 
unwashed preparation ruptured staphylococci. 
Fic. 2.—Staphylococcus bacteriophage adsorbed upon empty staphylococcal membranes. 
Fic. 3.—Staphylococcus bacteriophage adsorbed upon cell membranes and subsequently 
washed repeated centrifugation. 
Fic. appearance empty cell membranes Staphylococcus aureus after partial 
hydrolysis, 
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tion (see Fig. 3). The fact that adsorption does occur the isolated bacterial 
membrane was thus confirmed direct observation. Fig. the membranes 
were incubated with phage for hr. 37°, fixed and then washed three times 
water centrifugation speed sufficient sediment membranes but not 
unadsorbed particles. All preparations were fixed 0-05 per cent osmic acid for 
washed water and mounted upon collodion films supported grids for 
microscopy suitable dilution. Best results were obtained with membranes 
prepared and examined least shadowed the same day the experiment. 
Although staphylococcal membranes were found stable incubation over 
wide range judged their appearance with phase contrast microscopy, 
their appearance upon electron microscopy deteriorated markedly upon keeping 
the cold for more than hours incubation acid alkaline 
for more hours. Breakdown all cases occurred, and took the form 
Fig. 


DISCUSSION. 


The study bacteriophage adsorption means isolated empty bacterial 
membranes only one the many uses which these structures may put. 
certain that much new knowledge bacterial structure and function will 
follow study their chemistry and metabolic and other activities. The fact 
that bacteriophage behaves regards initial adsorption the same way towards 
the isolated membrane towards the intact cell not surprising this respect 
the membrane behaves dead structure retaining only its chemical structure 
and specificity. The bacteriophage particles are adsorbed the isolated 
cell membranes, but not cause visible rupture the membrane has been 
observed Wyckoff (1949) the study bacteriophage attack intact cells 
Bact. coli. However, some cases multiple infection the empty membrane 
seems have lost its clear-cut appearance and have suffered result 
the adsorption phage. 

The study ruptured staphylococci electron microscopy reveals interesting 
facts. Fig. opaque intact organism can seen, which empty 
membrane attached showing typical rupture tears. One membrane exhibits 
equatorial ring, apparently thicker more electron-dense material. 
This also visible phase contrast microscopy and appears concerned 
with division the organisms those which were the process dividing when 
ruptured show equatorial which has presumably formed the separating 
membrane the plane division. Fig. also shows background small 
particles this granular type material regularly obtained 
with preparations broken staphylococci, the granules measuring 10-20 my. 
diameter. interesting observe that Fig. the heads many the 
phage particles appear contain several well-defined granules 10-20 my. 
diameter. Electron micrographs highly purified preparations the phage 
show the same appearance spherical granules within the head. conclu- 
sions can drawn yet regarding the real significance these two constituents 
host and virus, but the phenomenon being investigated further. 

Fig. the adsorption bacteriophage upon the bacterial surface well 
seen. striking fact these pictures that many phage particles are adsorbed 
tail upon the host cell, Some the tails have become detached from 
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their heads, but these free tails are seen numerous cases well adsorbed 
preparation which had been three times washed remove unadsorbed 
phage. This very suggestive evidence that the phage normally adsorbed 
this position. Whether gains entry the cell via its tail not, appears 
that the tail portion contains the necessary chemical structure for irreversible 
specific adsorption. This observation confirms the early work Ruska (1941), 
which sperm-like particles are recorded being adsorbed tail first Bact. 
coli, and that Anderson (1951), who, using stereographic electron microscopy, 
described the pin-cushion appearance Bact. Coli when treated with 
teriophage. 


SUMMARY. 


method described for preparing empty cell membranes Staphylococcus 
aureus breaking the organisms with glass beads Mickle disintegrator. 
was found that adsorption Staphylococcus bacteriophage occurs upon 
the membranes and inactivation the phage results. Electron microscopy 
showed many phage particles adsorbed tail first. 


wish express our thanks Dr. Challice for his assistance taking 
the more recent the electron micrographs. 
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During the spring 1950 one (R. R.) observed that about per 
cent Parkes albino mice strain), while receiving daily course cortisone, 
died with gross necrotic lesions the liver (Hart and Rees, 1950). detailed 
study the condition was made that time. Nevertheless, such liver lesions 
had not been observed over thousand routine autopsies carried out mice 
over the previous months. September, 1950, the breeding stock mice 
was confined half the space normally allotted them and central heating was 
temporarily unavailable the animal house. After week two these 
adverse conditions, many the mice became sick and high proportion died. 
autopsy the majority showed macroscopic and microscopic liver damage 
identical with that seen previously the mice treated with cortisone. Material 
from this spontaneous epidemic yielded strain enterococcus. After the 
conditions the animal house had been restored normal the epidemic rapidly 
died out. spontaneous enterococcal disease has been observed since among 
the mice, but can still produced with cortisone. 

The series circumstances giving rise spontaneous enterococcal disease 
stock mice that had previously been clinically free seemed warrant 
further investigation. This paper describes (a) the characteristics the entero- 
coccal disease, which far are aware, has not been described before mice, 
together with the evidence for classifying the organism enterococcus 
the enhancing effect cortisone the disease when produced either 
feeding intraperitoneal injection cultures. 


Description the Disease. 


The infection associated with specific symptoms. Once sickness appears, 
death usually follows within hours. Sickness sometimes associated with 
diarrhoea and occasionally melaena. 

The disease involves the liver and sometimes the intestines. more ful- 
minating cases the intestinal lesions predominate, and although the liver always 
affected the lesions may scanty. these cases the organism can usually 
recovered from the heart blood. The more usual though less acute cases show gross 
liver involvement autopsy. The typical intestinal lesions consist pinhead 
size discrete white areas surrounded haloes inflammation. These foci are 
most abundant the duodenum but may involve the rest the small intestines 
intestines are usually inflamed and slightly dilated, and occasionally 
the colon distended blood from massive haemorrhage. the earlier 
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deaths the livers contain small irregular white areas throughout, and the 
disease progresses they enlarge and take characteristic worm 
appearance with scalloped edges. Later these coalesce into huge, sharply 
demarcated, solid white areas often occupying whole lobe, that quite 
common see quarter one-half the liver replaced (Fig. 2). The appearance 
these fully developed lesions the liver resembles the areas caseation seen 
tuberculosis. While the fulminating deaths are probably due bacteraemia, the 
later, less acute deaths are almost certainly the result liver failure due simply 
the diminution functional liver substance. 


Histopathology. 

The lesions the liver are focal and somewhat shape, consisting 
degenerate and necrotic liver cells sharply demarcated from normal liver cells 
narrow zone infiltration. The cells within the zone infiltration are 
mainly macrophages and fibroblasts with few polymorphonuclear leucocytes 
they are not densely packed those the periphery typical pyogenic 
abscess surrounding caseating tuberculous lesion. Micro-organisms are 
present, mostly the peripheral zone, either single organisms or, more charac- 
teristically, dense micro-colonies gram-positive cocci. The older lesions show 
distinct peripheral fibrosis, separating them from the surrounding normal liver 
The intestinal lesions are rather more discrete than those the 
liver. They are situated the mucosa, deep the muscle wall, and ulcerate 
into the lumen the intestine. The cellular reaction the same that the 
liver and there are many micro-organisms. 


Bacteriology. 

Liver cultures affected mice yielded blood agar grey colonies about 
0-75 mm. diameter after hours’ incubation 37°, increasing about mm. 
longer incubation and producing haemolysis. Stained smears from the 
colonies showed gram-positive oval cocci, single, pairs short chains. 
Pleomorphic forms were present, especially colonies blood-containing media. 
per cent serum broth culture showed some survivors after heating 60° 
for hr. The organism grew freely per cent bile agar and fermented 
lactose, salicin, sucrose and trehalose. failed ferment mannitol, sorbitol, 
raffinose and inulin. clotted litmus milk, produced final glucose 
broth grew 10°, but not morphology and heat-resistance, 
well the majority its biochemical properties, suggest its affinity the 
enterococci, and this conclusion confirmed its production Lancefield’s 
group polysaccharide. differs from typical Streptococcus faecalis, particu- 
larly its inability ferment also fails ferment sorbitol, 
grow 45°, hydrolyse aesculin tolerate potassium tellurite. 


Experimentally produced disease. 

has been found possible reproduce the disease the strain mice 
using broth cultures the organism isolated from the livers mice dying during 
the original outbreak the animal house (culture BP). The intraperitoneal 
route infection the most satisfactory. When ml. 18-hr. broth 
culture injected, about half the mice die days later showing all the 
changes described above, The intravenous route injection results similar 
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lesions the liver and intestines, although rather larger number bacteria 
seems needed. The absence lung, kidney and spleen lesions perhaps 
noteworthy. However, the culture mixed with the daily food less than 
per cent the mice die. When mice are infected artificially number the 
survivors show varying degree liver involvement, chronic type infection, 
which macroscopically shows evidence healing. 


Experiments with Cortisone. 


Mice.—Females the albino strain, 12-20 initial weight, were used. 
They were housed per cage and each mouse fed about once daily, 
stock mash diet. 

strain enterococcus (BP) was isolated from the liver 
mouse dying during the outbreak and soon after number ampoules freeze- 
dried culture was prepared. For each experiment fresh ampoule was seeded 
into broth and 18-hr. culture this was used infect the mice. The dose 
for intraperitoneal injection was ml. the experiments where mice were 
fed with the organism, the broth culture was sprayed and continuously 
mixed into the mash diet the proportion 0-25 ml. broth culture each 
diet. This was fed immediately the mice once daily and each mouse con- 
approximately 0-25 ml. culture daily. 

Cortisone treatment.—Cortisone, microcrystal suspension the acetate 
(Merck), was diluted saline, and the required dose injected, volume 
0-5 ml., subcutaneously into the nape the neck once daily (excluding Sundays). 


Effect cortisone the enterococcal disease produced intraperitoneal injection. 


Our earlier studies had shown that intraperitoneal injection was the 
surest method reproducing disease, this route infection about half 
the animals died after 4-9 days entero-hepatitis hepatitis. 
chose therefore this route infection preliminary method investigating 
the effect cortisone. Thirty strain mice, weighing 14-16 each, were 
divided into three groups mice. two groups cortisone 0-5 mg. daily was 
started and continued throughout the experiment (13 days). Two days after the 
commencement the cortisone treatment the third group and one the groups 
receiving cortisone were infected the intraperitoneal route. The results 
Table show that cortisone considerably increased the susceptibility the mice 
this infection raising the specific mortality from out the untreated 
control group out the treated group. 


I.—Enhancement Cortisone Susceptibility Intraperitoneal 
Injection BP. 


(mls. mice. deaths. infected. 


Specific deaths number mice group dying with gross liver and/or intestinal lesions. 

Number infected number mice with macroscopic liver and/or intestinal lesions death 
when killed days after infection with BP. 

strain mice 14-16 used. 


Total deaths. 
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Effect cortisone mice fed with cultures enterococci. 


Previous trials had shown that the strain mice could repeatedly fed 
with cultures BP, often without producing gross disease. enterococci 
general are natural inhabitant the intestinal tract, and when pathogenic 
mice produces entero-hepatitis, seemed reasonable presume that the 
gastro-intestinal tract would the most likely site entry into the body. Since 
feeding the organism alone produced the disease out mice, seemed 
possible that treating mice with cortisone would lower their resistance sufficiently 
allow the organism produce disease higher proportion mice. 

Several experiments were carried out the way described and these are 
summarized Table II. All show marked increase susceptibility 


Feeding with BP. 
Daily 
(mg. s/c). 


Specific deaths number mice with macroscopic liver and/or intestinal lesions death. 

Number infected number mice with macroscopic liver and/or intestinal lesions death 
when killed days after commencing feed 

strain mice with daily dose cortisone varying from 0-5 mg. according 
weight. 


the groups mice given cortisone. was, however, felt that the action 
cortisone lowering resistance infection with was partly obscured the 
proportion deaths attributed cortisone itself, especially the controls. 
This difficulty was met lowering the dose cortisone and using older mice. 
Sixty female mice weighing were divided into two main groups, 
treated with cortisone and untreated. All the untreated and half the treated 
mice were fed culture BP. the mice receiving cortisone and fed BP, 
received 0-4 mg. and received 0-2 mg. the drug daily. The mice 
cortisone alone were similarly divided into two equal groups the same two dose 
levels. Both the feeding and the cortisone were started the same day and 
continued daily for days. The results are shown Table III. While only 


Infection Feeding with BP. 


Specific deaths number mice group dying with gross liver and/or intestinal lesions. 
Number infected number mice with macroscopic liver and/or intestinal lesions death 
when killed days after commencing feed BP. 
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one mouse out the mice fed the culture without cortisone died, out 
mice died when fed with the culture the higher dose cortisone (0-4 mg. 
daily). mouse, however, died the group treated with the lower dose 
cortisone (0-2 mg. daily) and fed with culture. further extension this 
method infection feeding the culture, mice treated daily with 0-3 mg. 
cortisone were put into cage with mice infected the intraperitoneal route. 
Although the mice were deliberately overcrowded and out the infected 
mice died the disease, only one the contact mice died. 


DISCUSSION. 


far are aware, this the first report enterococcus natural 
pathogen nor has this organism been established causing disease 
any other species animal. The spontaneous disease, occurred the animal 
breeding house, was associated with serious morbidity and mortality. The 
experiments described show that the enterococcus isolated from the liver lesions 
affected mice produced fatal infection proportion mice inoculated 
intraperitoneally (14 mice), and occasionally killed mice fed with large 
numbers organisms mice). Furthermore, susceptibility infection 
was markedly increased simultaneous treatment with cortisone doses near 
the toxic level, that all then succumbed intraperitoneal injection (10 
mice) and the majority infection per (22 30). The specific nature 
the enterococcus concerned indicated the fact that were unable produce 
the disease with two other strains enterococci isolated from the intestinal 
tract mice. Also, spite the use cortisone mice many workers, 
enterococcal infection has not been reported. The fact that liver lesions indistin- 
guishable macroscopically and microscopically had been seen continuously 
about per cent strain mice treated with cortisone for more than six months 
before the epidemic until the present time, year after it, strongly suggests that 
the mice carried the enterococcus both before and after the and, 
indeed, this observation led the experiments with cortisone herein described. 
was reasonable regard the low temperature and overcrowding the animal 
house predisposing causes the spontaneous outbreak the infection 
strain mice that were almost certainly carrying the enterococcus. Although 
tempting hypothesis, seems improbable that the stress due the cold could 
release sufficient steroid influence the susceptibility the mice. Very large doses 
cortisone were used ail these experiments which enhancement occurred, 
doses far removed from physiological levels. Yet when these doses were reduced 
half, cortisone was ineffective. Selye (1951) observed this same phenomenon 
with spontaneous infection rats, and Hart and Rees (1950) showed that 
stabilized experimental tuberculosis infection mice was enhanced with 
relatively large dose cortisone, but more recently one observed that about 
one-fifth this dose had enhancing effect. should perhaps noted that 
the investigations which followed the outbreak led the isolation virus 
latent the strain mice and capable causing hepatitis susceptible mice 
(Gledhill and Andrewes, 1951). However, there was evidence suggest 
that the virus had precipitated the enterococcal disease, although possible 
synergism between virus and bacteria matter for future study. interest 
that only one ten mice treated with cortisone cage contact with mice dying 
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the disease became infected. This would suggest that even cortisone-treated 
mice large number organisms must given per set the disease. 
might that the adverse conditions led abnormal increase the number 
pathogenic enterococci present the intestines, and that this increase was 
sufficient give rise the outbreak. 

Although other reports enterococcal infection have been reported 
mice treated with cortisone, Antopol (1950, 1951) has described infection due 
Corynebacterium pseudotuberculosis mice treated with cortisone, and Selye 
(1951) unidentified infection rats similarly treated. Both these infections 
have occurred with large doses the drug. These reports would suggest that 
cortisone can cause breakdown host resistance wide range micro- 
organisms. our own strain mice, which would expected carry 
variety potentially pathogenic organisms and which are known infected 
with piliformis well several pathogenic viruses, cortisone treatment 
the last months has constantly produced only enterococcal infection. 
obvious explanation can offered why this particular infection was produced. 
This might suggest that while cortisone can reduce host resistance variety 
micro-organisms, can give the appearance acting with remarkable speci- 
ficity when judged relation isolated colony animals subjected minimal 
changes environment. 

While have stressed the unphysiological doses cortisone used these 
experiments, must remembered that the doses used were not greatly 
excess those now used man. This report adds one more type infection 
made considerably worse cortisone. The number experimental infections, 
viral and bacterial, worsened rapidly expanding. While the enhancement 
experimental tuberculosis cortisone (Hart and Rees, 1950) was one the 
first described, and while still remains the one infection man that cortisone 
therapy considered most likely exacerbate, the aggravation other infections 
should always kept mind. addition, this study with the 
mice raises the possibility that cortisone may facilitate the invasion the body 
organisms relatively low virulence. 


SUMMARY. 
The disease can produced experimentally intraperitoneal intra- 


venous inoculation the organism feeding it. 
The susceptibility the disease increased cortisone. 


ADDENDUM. 


Since this paper went press figures for the rates steroid secretion 
various species, including the rat, have been published (Bush, 


EXPLANATION PLATES. 


Fic. 1.—Intestines and liver mouse dying five days after intraperitoneal injection the 

White focal lesions the intestine and two early liver lesions can seen. 

Fic. 2.—Liver mouse killed ten days after intraperitoneal injection the enterococcus. 
large white demarcated lesion involving nearly lobe seen and the rest the liver 

shows smaller irregular lesions. 
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Gledhill and Rees, 
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1951, From these figures would appear that the rat capable 
secreting steroids much higher rate, unit body weight basis, than 
the larger animals upon which our discussion was based. Although figures 
are available for the mouse, would reasonable expect them the 
same order those for the rat. this case mouse, under considerable stress, 
could produce steroids amount equal the dose cortisone used us. 
(27 mg./kg./24 hr.). Nevertheless, would still seem very doubtful whether the 
mice were under sufficient stress the time the epidemic produce steroids 
large enough amounts for lowering their susceptibility infection with the 
enterococcus. 


are greatly indebted Dr. Williams the Central Public Health 
Laboratory, Colindale, for his kindness carrying out the serological typing 
the organism and some biochemical tests. wish thank the Medical Research 
Council’s Committee for the distribution ACTH and allied substances for 
making cortisone available us. Our thanks are also due Mr. Coe for 
technical assistance. 
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NEARLY half century ago Banzhaf and Gibson developed the 
ammonium sulphate method fractionation diphtheria antitoxin. The basic 
principles this method are still use the majority laboratories concerned 
with the production antitoxins for medical purposes. The addition partial 
enzyme proteolysis step the method did not affect the basic principles 
salt fractionation and selective heat denaturation which are the essence the 
method. 

The development the ethanol method Cohn, Strong, Hughes, Mulford, 
Ashworth, Melin and Taylor (1946) recent years has not led any appreciable 
displacement the Banzhaf method for the large-scale fractionation non- 
human hyperimmune sera for several reasons, among which may cited the 
high cost the equipment, the difficulties attending the adjustment variables 
with the high precision demanded, and the questionable advantages, from 
immunological point view, producing somewhat higher degree chemical 
homogeneity without significant increase the specific activity (Smith and 
Gerlough, 1947). 

view the still widespread use the old Banzhaf and Gibson principles 
the purification diphtheria and tetanus antitoxins equine origin, was 
considered desirable investigate some the implications for these methods 
the findings and Record (1941) the immunological differences 
between the and antitoxic globulins. These implications have been succinctly 
stated Topley and Wilson (1946) follows 

antitoxin precipitates lower salt concentrations than the anti- 
toxin, and tends therefore, during the ordinary concentration process, 
salted out with the euglobulin fraction and discarded, that the bulk the 
antitoxin remaining the pseudo-globulin fraction the type. The pro- 
teolytic method used the preparation refined serum also favors the retention 
the the expense the antitoxin. apparent that the proportion 
the and components different batches therapeutic serum subject 
variation. The suggestion that the avidity the serum determined 
some extent the proportion globulin, and that batches sera high 
this respect are likely greater therapeutic efficacy than others containing 
mainly globulin.” 

These words, and the work Kekwick and Record cited above which they 
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refer, applied exclusively diphtheria antitoxin. The present study, however, 
was undertaken determine how, the_course processing, the 
globulin was distributed between the euglobulin fraction that has been discarded 
and the pseudoglobulin fraction that has been used, the case both diphtheria 
and tetanus antitoxins. was also undertaken determine what correlations, 
any, there are between globulin concentration and other factors believed 
have bearing therapeutic efficacy, namely, vivo/in vitro ratio, proportion 
total vivo units, specific activity, and time flocculation. 


MATERIALS AND METHODS. 


The data presented were obtained from routine concentration runs 
small batches fresh anti-diphtheria and anti-tetanus horse plasma. The 
pooled plasma from three bleedings the same different horses, totalling 
was processed each week. The plasma, treated with tricresol ether 
and diluted with half volume water was heated 1-5 hr. 57° the presence 
added saturated ammonium sulphate (SAS) solution, the usual concentration 
being per cent SAS. After rapid cooling room temperature the suspension 
was filtered and the filtrate brought per cent SAS. This second precipitate 
was separated, pressed and dialyzed yield the fraction 
per cent SAS). The first precipitate was macerated distilled water equal 
1/4 the plasma volume, the suspension filtered, and the filtrate brought 
per cent SAS. The protein thus salted out was dialyzed and formed 
the fraction. some cases narrower cut per cent SAS) 
was taken. 

Nitrogen was determined triplicate the method. 

Electrophoretic analysis was carried out the Longsworth (1942) modification 
the Tiselius apparatus veronal buffer 8-6, ionic strength 
0-1 with potential gradient between and volts per cm. for The 
area under each peak was measured with the planimeter and its percentage 
the total area recorded the concentration the component. Both ascending 
and descending diagrams were analyzed and the mean taken. 

The number flocculating units (Lf) per ml. diphtheria and tetanus anti- 
toxin was determined the usual technique based Ramon’s method. The 
toxins used were working standards referred the standard antitoxins supplied 
the National Institutes Health. 

Flocculation time minutes (Kf) was the time required for flocculation 
appear the indicator tube, all tubes containing per ml. diphtheria 
toxin per ml. tetanus toxin, together with varying amounts the 
respective antitoxins. The tubes were one-third immersed water baths, 
43° the case diphtheria, and 41° the case tetanus. 

The vivo titre tetanus antitoxin was determined the sub- 
cutaneous toxin neutralization test guinea-pigs. The vivo titre 
diphtheria antitoxin was determined the intradermal toxin neutralization 
test rabbits. 

The vivo/in vitro ratio (“serum ratio”) antitoxic fraction the 
ratio the titre determined animals that determined flocculation. 

Purity. For the present purposes this parameter defined the specific 
activity vivo; that is, the number units per mg.N. 
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RESULTS. 


The observed data are given Table The data Tables II, and 
were calculated from those Table 


I.—Data Low- and High-Salt Fractions Diphtheria and Tetanus 


Tetanus 


Volume 


Fraction 
per cent SAS. 


salt. 


Nitrogen 
(mg./ml.). 


High- 


y-Globulin 
per cent. per 


Low- High- 
salt. salt. 


Lf/ml. 


Low- 
salt. 


Low- 
salt. 


High- 
salt. 


High- 
salt. 


26-33 
28-32 
0-30 
0-30 
0-30 


26-33 
28-32 
0-30 
0-30 
0-30 
0-30 
0-30 
0-30 


33-50 
32-50 
30-50 
30-50 


33-50 
32-50 
30-50 
30-50 
30-50 
30-50 
30-50 
30-50 
30-50 


3070 
3700 
2580 
2050 
1510 


5000 
4000 
2000 
2000 
2000 
3000 
3500 


875 


3500 
3350 
3300 
2880 
2860 


4000 
4500 
4730 
3500 
2500 
3000 
3500 
1750 
1000 


2700 
3300 
2400 
1800 
1600 


3750 
2750 
1350 
1650 
1500 
1500 
1000 

550 
1500 


3100 
2800 
3200 
3150 
2300 


salt. 


the case Lots 3755 and 18, the low-salt fractions had been discarded the course fractionation. 


y-Globulin and vivo/in vitro ratio. 


The absence correlation between serum ratio and y-globulin concentration 
immediately apparent inspection Table II. The mean serum ratios for 


Globulin Concentration and Serum Ratio Low- and 


Diphtheria 
antitoxin 


Low-salt fraction. 


y-Globulin. 
per cent. 


Serum ratio. 


y-Globulin. 
per cent. 


High-Salt Fractions Diphtheria and Tetanus Antitoxins. 


High-salt fraction. 


Serum ratio. 


High- 
Lot. 
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diphtheria antitoxin were very similar for each fraction: 0-927 for the low- 
salt, and 0-916 for the high-salt fraction but the mean y-globulin concentrations 
were quite 34:5 per cent and per cent respectively. Similarly with 
tetanus antitoxin, the serum ratios were and whereas the 
mean y-globulin concentrations were per cent and 9-8 per cent respectively. 


y-Globulin and activity yield. 
Table III shows that the proportion the total vivo units recovered 


quite low the low-salt fraction which rich y-globulin. For diphtheria 


the Total Gamma Globulin and Total vivo Units 
Found the Low-Salt Fractions Diphtheria and Tetanus Antitoxins. 
Percentage total. 


y-globulin. Units. 
69-6 


Diphtheria 
antitoxin 


Tetanus 
antitoxin 


antitoxin mean per cent the total units recovered was found this 
fraction which, however, contained the average 70-5 per cent the total 
y-globulin obtained both fractions. The corresponding figures for tetanus 
antitoxin were 20-7 per cent the units and 63-5 per cent the y-globulin. 


y-Globulin and purity. 

Table shows that the high-salt fraction has least high specific 
activity the y-rich low-salt fraction. The differences between the means 
indicate that the purity the high-salt fractions may general higher than 
that the low-salt fractions. 


time. 

The mean for lots low-salt diphtheria antitoxin was 39- min. 
19-3) and for their corresponding high-salt fractions 26-8 min 9-4), the 
difference having probability level 0-20. The figures for tetanus anti- 
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Low- and High-Salt Fractions Diphtheria and 
Tetanus Antitoxins. 


Low-salt High-salt. 

fraction. fraction. 


antitoxin 
96-0 


Tetanus 
antitoxin 


For difference means, -05 


” 


toxin, means lots, were 130 min. 62) for the low-salt and min. 
(S.D. 41) for the high salt probability level 0-01 for the difference these 
means. Gamma globulin therefore appears associated with prolonged 
flocculation time compared with globulin. This association was further 
studied calculating correlation coefficients between and globulin con- 
centration and between and globulin concentration. For tetanus anti- 
toxin the former was positive and borderline significance 
and the latter was negative and significant —-55, =-03). the case 
diphtheria antitoxin too few lots were available for valid calculations. 


DISCUSSION. 


The suggestion made, some textbooks immunology (Topley and 
Wilson, 1946; Boyd, 1947) that the y-globulin horse diphtheria antitoxin 
may have greater therapeutic efficacy than globulin due its greater com- 
bining power for that is, greater avidity. most cases avidity was 
not directly measured, but was considered correlated with other properties, 
more readily measurable, such serum ratio and flocculation time. The 
globulin the antitoxins studied this report was not found superior 
the globulin with respect these properties. The reasons for the differences 
findings are not apparent. The original work was done antitoxins 
English origin (Kekwick and Record, 1941). Pope, Stevens, Caspary and Fenton 
(1951) have pointed out significant differences between antitoxins English and 
American origin, which they thought might related differences methods 
immunizing horses. This may also explain the differences reported here. 
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Unlike the materials Kekwick and Record, our materials were heated, 
our object was investigate the implications their findings for the classical 
methods purification involving selective heat denaturation. conceivable, 
however, that heating may have reversed the relative antitoxic qualities 
and globulins, thus accounting for the differences our findings. This 
point would bear further investigation. 


SUMMARY. 


The distribution y-globulin between low- and high-salt fractions equine 
diphtheria and tetanus antitoxins was studied. Significantly higher proportions 
the y-globulin were found the low-salt (euglobulin) fractions. These frac- 
tions also had much higher concentrations y-globulin than the high-salt (pseudo- 
globulin) fractions. 

Correlations between y-globulin concentration and other factors believed 
have bearing therapeutic efficacy were studied. These factors included 
vitro ratio, proportion the total vivo units, specific activity, and 
time flocculation. The findings were relatively unfavourable the y-globulin 
compared with the globulin component. 
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THE literature the last few years includes several references which indicate 
the importance calcium the enzymic action influenza viruses and the 
activity the Receptor Destroying Enzyme (R.D.E.) Vibrio cholerae. Certain 
salts, namely fluoride, oxalate, citrate and poly-meta-phosphate (calgon), which 
will remove ionised calcium from solutions, reduce the activity R.D.E. red 
blood corpuscles (Burnet and Stone, 1947; Edney, 1949). Briody (1948) has 
demonstrated similar effect with the elution influenza virus from these cells. 
Recent work has shown the importance the ionic composition the medium 
the action viruses erythrocytes (Lowell and Buckingham, Flick, 
Stanford and Mudd, 1949). avoid the change electrolyte concentration 
which accompanies the addition salts, calcium has been removed from solutions 
the use ion exchange resin, applying the method used decalcifying 
blood (Stephanini, 1948 Lovelock and Porterfield, attempt has 
been made distinguish between the effects R.D.E. and influenza virus action 
that are due calcium removal and those due changes ionic strength. 


METHODS AND MATERIALS. 


Solutions.—Saline refers 0-85 per cent sodium chloride. Calcium borate 
saline consisted sodium chloride (9-0 g.), calcium chloride (1-0 g.), boric acid 
(1-203 g.) and borax (0-05 g.) per 1000 ml. Solutions used experiments 
where calcium requirement was being tested were prepared from analytical 
reagents glass distilled water. Salts used inhibitors R.D.E. activity were 
sodium hydroxide. 

the glassware experiments where the concentration 
calcium was critical was washed chromic acid and rinsed sodium carbonate 
solution followed glass distilled water ensure freedom from calcium absorbed 
the surface (Lovelock and Porterfield, 1951). 

cells washed times saline were used. Cells free from calcium 
were prepared mixing ml. washed packed cells suspended ml. 
saline with 3-0 resin zeocarb 225 and shaking for minutes. The were 
then filtered off and washed times calcium-free saline. 

Virus.—The strains virus chosen were two type influenza viruses, 
and MEL, two type influenza viruses, LEE and MIL and Shope strain 
swine influenza virus, SW. The virus strains were used the form infected 
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allantoic fluids, harvested from 12-day eggs, which had been inoculated 
days with dilution the stock virus solution and incubated 35° sub- 
sequently. Viruses were freed from calcium passing ml. allantoic fluid 
through 3-0 column resin zeocarb 225. 

Receptor destroying enzyme R.D.E. was prepared from per 
cent nutrient agar cholerae strain described Burnet and Stone 
(1947). The crude filtrate was adjusted with n/5 sodium hydroxide. 
The R.D.E. was decalcified the same way the virus strains. Dialysis the 
R.D.E. against running glass distilled water was carried out, using polythene 
apparatus and cellophane tubing carefully washed hydrochloric acid, sodium 
carbonate solution and glass distilled water remove traces calcium. 

Haemagglutination titrations were carried out plastic 
plates, using 0-4 ml. serial twofold dilutions the virus saline and adding 
0-4 ml. 0-5 per cent fowl cells saline. The pattern the cells was read after 
one hour. One agglutinating dose the concentration virus required give 
partial agglutination. Titres are expressed reciprocals the agglutinating 
dose (Salk, 1948). 

R.D.E. two-fold dilutions R.D.E. (0-4 ml.) were mixed with 
0-4 ml. per cent cells calcium borate saline using round-bottomed 
tubes cm. diameter, and incubated for hr. this mixture was added 
0-2 ml. MEL diluted calcium borate saline contain final agglutinating 
doses and the pattern the cells read after hr. One inhibiting dose 
the concentration the enzyme the tubes showing partial agglutination. 
Titres are exposed reciprocals inhibiting dose. This method was modified 
from that Burnet and Stone (1947). 


RESULTS. 
Adsorption and elution viruses the presence absence calcium. 
Five ml. virus solution were mixed with 0-1 packed fowl cells and kept 
for hr. The supernatant fluid was removed after centrifugation and ml. 
saline added the cells. After standing for hr. 22° the eluate was removed 
following centrifugation and another ml. saline added. The virus was then 
allowed elute for further hr. 22° and the eluate removed following 
centrifugation (Hirst, 1942). The supernatant fluids obtained were tested for 
virus concentration using haemagglutination titrations. 


I.—Adsorption and Elution Virus With and Without Resin Treatment. 


LEE. MILB. MEL. SW. 

Allantoic 1600 1600 3200 3200 3200 3200 3200 1600 1600 


Supernatant after hr. 


Saline eluate aftér hr. 


Average titres virus indicated reciprocal final dilution virus showing partial agglutination. 
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equal amount resin-treated virus was exposed calcium-free and 
eluted into calcium-free saline under the same conditions. 

The results expressed Table are the average number tests each 
virus strain. All the viruses used did adsorb and elute from the red cells 
the absence calcium. The reproducibility the results was good the case 
and MEL, which showed slight increase adsorption and decrease 
elution calcium-free medium. With MIL LEE and PR8 most experiments 
indicated difference between the action virus normal and resin-treated 
solutions, but occasionally there was increase decrease either adsorption 
elution. These variations may lie within the range experimental error. 


requirement R.D.E. 


Resin-treated R.D.E. titrated calcium-free saline using resin-treated cells 
had titre 10, while the addition calcium increased the titre 200. The 
minimum concentration calcium the presence 0-15 sodium chloride 
required restore the R.D.E. titre normal was 0-2 millimolar. 


Comparison the action MEL and R.D.E. cells the presence absence 


Calcium free cells (0-2 ml.) were mixed with ml. resin-treated R.D.E. (titre 
400) diluted 1/5 with calcium-free saline. After one hour’s incubation 37° the 
supernatant fluid was removed following centrifugation and the cells washed 
times with calcium-free saline. Another 0-2 ml. calcium-free cells was treated 
the same way with resin-treated R.D.E. diluted 1/5 with calcium borate saline. 

Aliquots ml.) resin-treated MEL were adsorbed 0-1 ml. each lot 
these cells and 0-1 ml. normal cells and then the virus allowed elute into 
calcium-free saline the same way described above. 

The results Table show that MEL decalcified medium reacted the 
same way with cells treated previously R.D.E. the absence calcium 


and Elution Virus Cells Previously Treated with 
Presence and Absence and Normal Cells. 


Cells 


Incubated with resin- 
Incubated with resin- treated R.D.E. con- 


Allantoic before adding cells 3200 3200 


Normal. 


Titre virus expressed reciprocal final dilutions giving partial agglutination. 


with normal cells, while there was practically adsorption the virus cells 
treated previously with R.D.E. containing calcium. 


Inhibition activity salts. 


Solutions different salts (0-4 0-2 ml. resin-treated R.D.E. (titre 400) 
diluted 1/20 saline containing 0-001 calcium chloride and 0-2 ml. per cent 
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cells saline were incubated for hr. 37°. these was added 0-2 ml. 
resin-treated MEL, diluted saline contain final agglutinating doses, and 
the pattern the cells read after hr. 

Table shows the final concentration the different salts which will neutra- 
lise inhibiting doses R.D.E. 0-15 sodium chloride when the calcium con- 


Salts removing inhibiting Salts not removing 


calcium ions. calcium ions. 


Minimum 
inhibiting 


indicates unit the chain the polyvalent compounds. 
Concentration that will neutralize inhibiting doses R.D.E. presence NaCl and 
0-2 salt. 


centration 0-2 millimolar. The salts were chosen show the difference between 
mono-, di-, tri- and polyvalent anions which did did not remove calcium ions. 
The results indicate clearly the superior activity salts which will remove calcium. 
They aiso illustrate the increase inhibition with the charge the particles. 


Calcium requirement R.D.E. the presence mono-, di-, and trivalent anions not 
affecting calcium ions. 

Resin-treated dialysed R.D.E. (titre 80) was diluted 1/8 glass distilled water 
and ml. added 0-2 ml. the solutions the three different salts, 0-1 ml. 
calcium chloride solution and 0-2 ml. per cent calcium-free cells the same 
salt solution used previously, and then incubated for hr. Then 0-1 
ml. resin-treated MEL, diluted glass-distilled water contain final 
agglutinating doses, was added and the cell pattern read after hr. 

Fig. shows the concentration calcium required for R.D.E. activity 
varying concentrations chloride, sodium sulphate and potassium ferri- 
cyanide. The ferricyanide concentrations and the lowest concentrations 
sulphate used would have lysed the cells the total salt concentration these 
solutions was made 0-15 addition sodium chloride order avoid 
cell lysis. The graph shows clearly the decrease calcium requirement the 
concentration the salts lowered. This very marked the case the di- 
valent sulphate and trivalent ferricyanide where the curves are quite steep. 
lower concentrations these salts the calcium requirement appears propor- 
tional the ionic strength higher concentrations, where the solutions can 
longer considered dilute, this proportionality does not hold. 


DISCUSSION. 


From these results evident that the enzymic action influenza viruses 
red cells will take place the absence calcium ions. With MEL and the 
slight change occurring calcium-free medium suggests that the enzymes 
these two viruses are. not efficient under such conditions. thus appears 
improbable that the oxalate and citrate reduce virus elution result their 
removal calcium suggested Briody (1948). seems reasonable suppose 
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the effect observed was due the change ionic strength the medium pro- 
duced the introduction the di- trivalent anion (Lowell and Buckingham, 
1948 Davenport and Horsfall, 1948). 

R.D.E., the other hand, shows great reduction activity result 
decalcification. Its activity restored normal small concentration 
calcium. This confirms the conclusions reached Edney (1949). 


= 
+ 
+ 
° 
= 
— 


0-001 0-01 
conc. salts 
requirement R.D.E. the presence varying salt concentrations. 


The difference between the virus and cholera enzymes acting red cells 
further demonstrated the results which show that cells upon which resin- 
treated R.D.E. had activity are able adsorb calcium-free virus the same 
way normal cells. The virus adsorbed these cells will then elute normally 
into calcium-free saline. 

does not seem that the anion inhibition R.D.E. due simply calcium 
removal. Flick, Stanford and Mudd (1949) have suggested that the reaction 
between influenza virus and red cells function their zeta-potentials and this 
may well apply R.D.E. activity. The fact that the inhibition the R.D.E. 
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activity anions which not combine with calcium increases with their charge, 
chloride sulphate ferricyanide, supports this suggestion. 

With fluoride, oxalate, citrate and calgon, the inhibiting effect probably 
composite one involving both the calcium removal and the influence the zeta- 
potentials the red cells and the R.D.E. 

Since the calcium requirement R.D.E. dependent the concentration 
anions, particularly di- and trivalent anions, may assumed that the R.D.E. 
needs for its activity definite relationship between calcium and the other electro- 
lytes present. This may necessary maintain the correct electrical charge 
the surface the reacting molecules. 


SUMMARY. 


the use ion exchange resin has been shown that the activity the 
cholerae enzyme (R.D.E.) greatly reduced decalcification, while the re- 
action between influenza viruses and erythrocytes relatively insensitive 
calcium lack. 

The anion inhibition R.D.E. depends both the ability the anion 
remove calcium ions and its charge. 

The calcium requirement R.D.E. directly proportional the anion con- 
centration the medium. This relationship particularly marked the case 
di- and trivalent anions. 


wish thank Dr. Andrewes for supplying the virus strains, Dr. 
Lovelock for his helpful advice and Miss McMahon for technical assistance. 
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has long been known (Binet, 1893) that when large single doses thiourea 
are administered rats (orally injection) acute pulmonary oedema 
with large pleural effusions develops within some hours. This action thiourea 
somewhat inconstant, and even large doses not invariably cause these 
changes. Many thiourea derivatives behave the same way, the most con- 
sistently toxic being alpha-naphthyl thiourea and phenyl thiourea (Richter, 
1945). These two compounds consistently cause death from pulmonary oedema 
and pleural effusions doses mg./kg. The rats almost invariably 
die within hours. 

These acute effects thiourea and its derivatives can only produced 
two animal species, the rat and the dog (Richter, 1945). Another peculiarity 
that they can only produced adult 

further characteristic the phenomenon that rats surviving sub- 
lethal dose thiourea derivative become resistant much larger doses the 
same compound. Moreover the various thiourea derivatives are large 
extent interchangeable this respect, that previous dose one will protect 
against lethal dose another (Carroll and Noble, 1949). 

similar protective effect obtained when rats are given iodides mouth 
injection. Animals treated this way survive large doses one the 
toxic thioureas (Meyer and Karel, 1948 Carroll and Noble, 1949). 

All the thiourea derivatives which protect against lethal doses can themselves 
cause the syndrome pulmonary oedema and pleural effusion, given suffi- 
ciently large doses. the protective action iodides the same nature 
the protective action the thiourea derivatives, then might reasonably 
expected that iodides would also capable causing pulmonary oedema and 
pleural effusions, given sufficiently large doses. search the literature 
showed that the intravenous injection large doses iodide dogs does 
fact cause the syndrome (Boehm and Berg, Chiari and Januschke, 
Chu and How, 1931). However similar observations seem have been 
recorded the rat. The present experiments were therefore undertaken find 
whether large doses iodide would cause pulmonary oedema and pleural effusions 
this species. Since fact they do, was then interest see whether 
thiourea derivatives could protect against iodide the same way iodide pro- 
tects against thiourea derivatives. 


receipt grant from the Sir Halley Stewart Trust. 
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METHODS. 


Sodium rather than potassium iodide was used this investigation, the 
administration large amounts potassium might have undesirable effects. 
Since sodium iodide hygroscopic the dosage was only approximate. After 
some preliminary observations 1-5 g./kg. was chosen the standard dose. This 
was usually administered intraperitoneal injection. The solution used for 
injection (15 per cent) was very hypertonic, and apparently caused some pain 
lasting few minutes. Brief anaesthesia was therefore used all except rats. 
trial various anaesthetics showed little difference survival 
chloroethylene trilene was probably the most suitable since short-lasting 
and non-irritant. 

Intravenous injections sodium iodide were given into the femoral vein 
under intraperitoneal tribromoethylalcohol avertin anaesthesia. 

Post-mortem examinations were made all rats dying after injection. 
some cases the animals were killed hours after injection ex- 
sanguination under anaesthesia. When pleural fluid was present the 
amount was roughly estimated with syringe. 

For protection experiments allyl thiourea was used, Carroll and Noble 
(1949) found that this derivative had the greatest protective action against 
phenyl thiourea, relation its own toxicity. Allyl thiourea was given 
subcutaneous injection, either single dose mg./kg. hours before 
days, the last being hours before the sodium iodide. 

The rats were albinos mixed stock. They were fed standard rat- 
cubes. 


RESULTS. 
Effect sodium iodide. 

The standard dose sodium iodide was given rats, both sexes and 
varying ages. most cases the actual age was not known, but can roughly 
judged the body weight. The results, which are set out Table show 
clearly that age, but not sex, affects the response sodium iodide. rats 
weighing 200 less only one died. This was the smallest rat used was 
weakly specimen, and post-mortem pleural effusions were found. may 
therefore have died from non-specific cause. 

rats weighing over 200 g., died within hours receiving the 
standard sodium iodide injection. All except one these had measurable 
amounts fluid their pleural cavities. The fluid was clear and straw-coloured. 
All the rats with pleural effusions also had pulmonary oedema, shown the 
colourless frothy fluid which exuded from the bronchi mild pressure. Death 
was preceded period obvious dyspnoea. 

further rats were killed exsanguination under trilene anaesthesia, 
either hours after the injection. Six these rats had pleural effu- 
sions and pulmonary oedema. All rats showed histological evidence pul- 
monary oedema, consisting large areas homogeneous exudate the alveoli 
(staining pale pink with eosin), and variable degree cellular infiltration. 

male rats, weighing over 200 g.; died. female rats, weighing 
over 200 g., died. 


203 
q 
a 
l- 
a 
4 
l 
q 


204 TROTTER 


addition the rats given intraperitoneal sodium iodide, adult female 
rats were injected intravenously with the same dose. All died with pulmonary 
oedema and pleural effusions. There was obvious difference the speed 
response intravenous and intraperitcneal injection. 


Rats Intraperitoneal Injection 1-5 g./kg. 


Sodium Iodide (no previous treatment). 
Pleural 

Anaesthetic. Result. Fluid 

Survived 


Trilene 
Ether 


Trilene 
Nembutal Died 
nil 
Ether Survived 
nil 
Ether Died 


® 


Survived 
Killed 
Died 
Trilene Survived 
Nembutal Died 
nil 
Ether 


| | ao! | Jn 


nil Survived 
Trilene Died 
Killed 
Died 
Killed 
nil Died 
Trilene 
Killed 


Ether ” 
nil Died 
Ether 


Ether 
Trilene 


” 


Bod 
Sex. wei 
(g. 
220 
220 
220 
230 
239 
241 
244 
244 
253 ” ° ” 
269 
290 
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experiments this laboratory thiourea and phenyl thiourea have 
frequently been administered rats intraperitoneal injection. The. ante- 
mortem symptoms and the post-mortem findings have been identical with those 
seen after sodium iodide injection.. Only two differences have been seen the 
response these two types compound first, pulmonary oedema and pleural 
effusions can produced with the thiourea compounds somewhat younger 
rats (though never below the age secondly, death usually occurs 
somewhat sooner after intraperitoneal injection thiourea derivatives (usually 
within the first hours, whereas sodium iodide usually causes death between 
and hours after injection). 

The effects cannot attributed simply injection 
massive quantities electrolyte, for the injection comparable quantities 
sodium chloride (under ether anaesthesia) was without effect 
female rats weighing between 217 and 298 


Protection allyl thiourea. 

Subcutaneous injections allyl thiourea were given adult rats (mainly 
female), followed intraperitoneal injection sodium iodide 1-5 g./kg. (Table 
II). Only these rats died. neither was there any measurable amount 
pleural fluid, although both there was histological evidence pulmonary 
oedema. 


Rats Intraperitoneal Injection 1-5 g./kg. Sodium 
after Previous Treatment with Allyl Thiourea. 


Dose allyl 
Anaesthetic. Result. 


mg./kg. Ether Survived 


” ” 


Died 
Survived 
Trilene 
Ether 


Trilene 
mg./kg. 
Died 


Effect 

Total thyroidectomy was performed female rats. About month later 
they were injected with sodium iodide 1-5 g./kg. One died, and was found 
have pleural effusions amounting ml. The remaining were killed hours 
after the injection. Three had pleural effusions and the remaining 
rat had effusions. Thus out thyroidectomised rats showed the same 


Body Pleural 
M. 


pathological changes untreated animals; the fact that only one died may 
indicate that the thyroidectomised rats were somewhat less susceptible. 


DISCUSSION. 


There are obvious similarities between the acute toxic effects sodium iodide 
and those the thiourea derivatives. Both substances cause rats and dogs 
acute pulmonary oedema with pleural usually leads death 
within hours administration. Young rapidly growing animals are appa- 
rently unaffected both substances. 

Sublethal doses thiourea derivatives such allyl thiourea protect against 
otherwise fatal doses even the most toxic thioureas. has now been shown 
that allyl thiourea also has protective action against sodium iodide. Out 
previously untreated adult rats (weighing more than 200 g.), died following 
injection sodium iodide. Out rats, previously treated with allyl 
thiourea, only died following injection the same amount sodium iodide. 

iodides can protect against the toxic thiourea derivatives and least one 
thiourea derivative can protect against least one iodide salt, seems extremely 
probable that the two types compound have identical action the lung 
pleura the rat. odd coincidence that both types compound also 
have characteristic effect the thyroid gland. When given adequate 
amounts both can inhibit thyroxine formation, though the mechanism 
inhibition probably different. But total thyroidectomy has great effect 
the response rats either type compound. Marine and Baumann 
(1945) found that thyroidectomised rats were somewhat less susceptible 
thiourea, and possible that the thyroidectomised rats given sodium iodide 
the present study were also little less susceptible. But both cases the 
characteristic pleural effusions occurred most the rats, and any protection 
afforded the operation must most have been slight. 

seems that the thiourea derivatives and iodides the Jungs 
and pleura probably very similar and that neither case mediated 
the thyroid. 

SUMMARY. 


Single large injections sodium iodide cause pulmonary oedema and pleural 
effusions the rat. The changes the lungs and pleura are very similar 
those which follow administration many thiourea derivatives. 

Allyl thiourea, which known protect against otherwise lethal doses 
the more toxic thiourea derivatives, has been shown protect also against large 
doses sodium iodide. 

appears probable that the mechanism which thiourea derivatives and 
sodium iodide produce their effects lungs and pleura similar identical. 
neither case does the presence the thyroid seem essential. 
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Factors affecting the retention radioactive strontium the skeleton 
rabbits following single intravenous injection have already been reported 
(Kidman, Tutt and Vaughan, 1950, 1951). The following investigation makes 
detailed study (i) the relation total skeletal retention blood levels 
strontium different times and different ages after single injection (ii) the 
relative retention different bones the rabbit different ages; (iii) the 
relative retention different parts the same long bone varying periods 
three weeks after injection. 


EXPERIMENTAL PROCEDURE, 


Injection was prepared irradiation strontium carbonate 
the pile Chalk River. was given into the marginal vein the ear 
strontium chloride made solution nearly possible isotonic and 
neutral. Carrier was inevitably the amount given varied since the 
specific activity strontium changed the decayed and was desired 
give relatively constant amount 

rabbits from the A.R.C. station, Compton, were used (Kidman 
al., 1950, 1951). They were kept medium calcium diet composed oats, 
cabbage and hay. 

the first series experiments the relation total skeletal uptake 
blood levels two groups animals were used 

(a) Forty weanlings aged 5-7 weeks. They were killed groups 
intervals days after injection between 3-18 per kg. The 
solution contained amounts carrier which varied between 10-15 mg. SrCl, 
per kg. body weight, volume less than ml. 

Thirty-five animals aged 10-11 months. They were killed groups 
The solution contained mg. SrCl, per kg. body weight given volume 
2-3 ml. 

Blood samples were taken from the marginal vein the ear and the total 
blood volume calculated from the body weight (Courtice, 1943). Complete 
faecal and urinary estimations were carried out the excreta five 
weanling rabbits killed days after the injection, and that adult 
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rabbits killed days after the injection. Samples urine from the bladder 
were also examined the case weanling rabbits killed minutes after 
the injection and adults killed different times hours after the 
injection. 

II. the second group experiments, planned determine the retention 
different bones the same animal different ages and different times 
after single injection, use was made the bones animals Group 

III. the third group experiments planned study the relative retention 
different parts the same bone the rabbits were 3-4 months old. The bones 
younger rabbits proved difficult separate into constituent parts that the 
results obtained are not included. The quantities per kg. given each 
rabbit varied from volume from 5-10 ml. containing 
mg. SrCl, per kg. theoretically possible that this amount carrier may 
have affected retention, but evidence from other work suggests did not 
(Schubert and Wallace, 1950; Vaughan, Kidman and Tutt, 1952). Animals 
were killed minutes, hours, days and weeks after injection. Fourteen 
bones were analysed the first three groups and ten the fourth group. 


Preparation the bones. 


experiments and the bones were removed previously described 
(Kidman al., 1950) and analysed for retention separately, except that the four 
feet were analysed one; the ribs and vertebrae which were difficult clean 
were also analysed together, and the skull bones were regarded one unit. 
Each figure therefore represents the average value for pair bones, and not 
that single bone. The complete skeletal retention figures were obtained 
adding the values for each pair group bones. The humerus, radius, femur, 
tibia and fibuia were grouped long bones, the scapula and pelvis flat bones. 
The skull was not included when the average value for flat bones was estimated, 
since proved difficult clean and also contained the teeth, which have been 
shown concentrate injected strontium greater extent than does the skull 
(Pecher, 1941 Scott al., 1947). 

experiment III the results recorded were obtained the humerus and the 
tibia-fibula. Immediately after removal from the carcass, which was not boiled, 
the bones were coated with paraffin wax, split lengthwise and sawn half across 
the centre the shaft. The bone marrow was washed out with fine jet water. 
The bones were fixed alcohol for days, the alcohol being changed times. 
This was done autoradiographic studies were being made 
nificant amounts were found the alcohol. The and endosteal 
surfaces the bones were scraped remove any adherent tissue. The scrapings 
were analysed for their content the earlier experiments, but the weight 
and consistency tissue obtained was variable that subsequently the scrapings 
were not included the analysis. The sections bone were then divided 
fret-saw into epiphysis, epiphyseal plate, metaphysis and diaphysis, and the 
strontium content each part estimated separately. 


Estimation radioactive strontium. 


Estimation the blood, urine, faeces and bones was carried out 
previously described (Kidman al., 1950, 1951). the case the portions 
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bone used experiment the alcohol was first evaporated over water-bath 
and the pieces weighed before dissolving nitric acid. The results were expressed 
the percentage the injected per gramme dried bone the per- 
centage the total retained the skeleton per gramme bone. The 
faeces were ashed, the first instance over bunsen burner and finally 
muffle furnace, and the strontium extracted from the ash boiling with tartaric 
acid solution. The mixture was allowed cool and the supernatant liquor 
decanted. The process was repeated until the ash was longer active; the 
content the total liquor was then estimated. Corrections were made 
all cases for radioactive decay. 


O—O CONCENTRATION IN BLOOD 
@—@ CONCENTRATION IN SKELETON 
HOURS 


PERCENTAGE OF Sr®9 


TIME IN MINUTES 


nN 


TIME DAYS 


Concentration blood and skeleton 5-6 weeks old rabbits different times after 
intravenous injection. 


The Relation Total Skeletal Retention Blood Levels Strontium 
Different Time Intervals after Single Injection. 


Rabbits aged 10-11 months.—The concentration the circulating blood 
fell and that the skeleton rose after injection. Animals killed within 
seconds the injection had per cent the injected dose the circulating 
blood after minutes this had fallen per cent, and hours had 
reached per cent. The skeletal figures the same time were per cent, 
per cent, and per cent respectively. Since large quantities blood 
were not available, later samples had extremely low counting rate; the 
results did not justify the length time required obtain accurate figure. 

The maximum skeletal concentration was reached hours after the injection, 
the figure being between and per cent the injected dose (Table I). The 
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value decreased sharply from the maximum 16-4 per cent hours. After 
hours was 18-8 per cent, and then fell slowly 8-5 per cent the end 
nine days. The rapid fall concentration between and hours must 
regarded significant since the standard deviations are small (Table I), but 
the rise between hours and hours not significant. 


I.—Mean Values for Retained the Skeleton 10-11 Months Old 
Rabbits Different Times after Injection Percentage the 
Injected Dose. 


Time after Number Mean percentage Standard 
injection. rabbits. retained. 


seconds 1-9 
minutes 


Rabbits aged 5-6 weeks.—The general shape the curves obtained when 
skeletal and blood concentrations were plotted against the time after injection 
was similar that for the adult rabbits, but the blood concentration fell and 
the skeletal concentration rose more rapidly (see Fig.). The blood concentration 
hours after the injection reached lower level than the adults (Table II). 


Values for Retained the Skeleton Weeks Old Rabbits 
Different Times after Injection, Expressed Percentage the Injected 
Dose. 


Time after Number Mean percentage Standard 
injection. rabbits. retained. deviation. 


25-30 seconds 
minutes 
6-90 
10-49 
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Animals killed seconds after injection had per cent the injected strontium 
the circulating blood within half hour this value had fallen 5-5 per cent, 
and hours was less than per cent. The corresponding figures for the 
skeleton were 17, and per cent respectively. The maximum skeletal 
concentration per cent was reached between and hours after the injection 
and the value decreased more gradually and more evenly than did that for the 
adults, reaching per cent the end days There was considerable 
variation the skeletal retention individual animals any one time shown 
the high standard deviation (Table II), which ranged from 2-13 10-49. 

figures obtained for the excreted the urine and faeces 
did not differ significantly from those previously recorded (Kidman al., 1950), 
and are therefore not given here. Total recovery the injected dose was satis- 
factory, being greater than per cent each case. Less than per cent 
injected was recovered from the urine the bladder rabbits killed 
hours after the injection, except one case, when per cent was recovered 
from the bladder urine rabbit killed hour after the injection. 


The Relative Retention Different Bones the Rabbit Different Ages. 


The percentage the injected dose retained any one bone either group 
animals varied with the time after injection the same way did the total 
percentage the whole skeleton. 

the amount found any one bone was expressed 
per gramme weight the amount retained the whole skeleton that time, 
all the results for one bone could examined together, regardless the time 
after injection when the estimation was made (Table III). the case the 


TABLE Values for per Bone Individual Bones 
Percentage the Dose Retained the Whole Skeleton Different 
after Injection Rabbits Different Ages. 


weeks (40 rabbits). months (35 rabbits). 
Tibia and 1-58 
Radius and 0:48 
Pelvic girdle 1-55 0-65 


Standard error +0-014 


old animals the figure for the femur, tibia and radius and ulna approximately 
the same, 0-45 and 0-48 per cent per gramme bone respectively, while 
that for the humerus somewhat higher—0-53 per cent. This difference 
possibly significant. The difference between the long and the flat bones 
clearly significant, the percentage for the scapula being 0-69 and for the pelvic 
girdle 0-65. Such differences are not apparent between the flat and the long 
bones the case the young animals (Table III). The content the flat 
bones 1-51 and 1-55 per cent and that the long bones 1-53 per cent, 
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The Relative Retention Different Parts the same Long Bone 
Varying Times weeks after Injection. 


none the bones examined minutes, hours, days days after 
the injection was the evenly distributed between the epiphysis, epiphyseal 
plate, metaphysis and diaphysis (Table IV). analysis variance showed 


TaBLE Values for Retention per Bone Different Parts 
the Bone (Tibia and Humerus) Varying Times after Injection Expressed 
Percentage Injected Dose. (Age Rabbits Time Injection 3-4 


Months.) 
minutes hours days days 
(14 bones). (14 bones). (14 bones). (10 bones). 


that although the scatter figures any one group was high, the differences 
between the means were the majority cases significant. 

Ten minutes after the injection there was significantly greater concentration 
the plate than any other region, while the diaphysis contained the 
least concentration. The difference between the epiphysis and the metaphysis 
was barely significant. 

Twenty-four hours after the injection the difference between the concentration 
the plate and the metaphysis was hardly significant, although both contained 
significantly higher concentration than the epiphysis and the diaphysis. The 
difference between the latter was not significant. 

Nine days after the injection the metaphysis contained the greatest concen- 
tration, followed the epiphyseal plate. The difference between the epiphysis 
and the diaphysis, which here had the direction opposite from that minutes 
and hours, was barely significant. 


V.—Differences between Mean Values per Separate Portions 
Bone Different Times. 
+0-090 +0-071 


+0- 167 


+0-200 +0-212 


+0-082 
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Twenty-one days after the injection the metaphysis contained the highest 
concentration, followed the diaphysis. The difference between the epiphyseal 
plate and the epiphysis, both which contained lower concentration than the 
other parts the bone, was scarcely significant. 

Table are shown the differences the means various bone portions 
different times with their standard errors. Taking significant any difference 
greater than 2-2 times, and non-significant any less than 2-0 times its standard 
error, differences, except for the plate, between days and day are non-signi- 
ficant and all others are very clearly significant. 


DISCUSSION. 


The results the first group experiments show that there rapid uptake 
the skeleton. weanlings per cent the injected found 
the skeleton minutes, and maximum figure the neighbourhood 
per cent present within hour. older rabbits which the epiphyseal 
plate has closed and where growth almost absent, the uptake within minutes 
per cent the injected dose and the maximum figure per cent reached 
about hours. the end days the skeletal content the young rabbits 
has fallen per cent and the older rabbits 8-5 per cent. Analysis 
the content different parts the same long bone different times shows 
that initially the highest activity found the region the epiphyseal plate, 
the most actively growing part the bone; days after injection 
the metaphysis, and weeks after injection, though still remains absolute 
terms highest the metaphysis, there relatively increase the diaphysis. 
This movement radioactive strontium within the bone apparent only, and 
due displacement bone formed when the uptake radioactive strontium 
was high even younger bone formed when the blood longer contains radio- 
active material, and finally removal the radioactive trabeculae the meta- 
physis the normal process resorption. The selective localization radio- 
active strontium areas active bone growth and the apparent changes 
the site deposition due formation fresh bone containing radioactive 
isotope are well illustrated autoradiographic studies long bones following 
single injection (Kidman, Rayner, Tutt and Vaughan, published). 

Somewhat similar studies the apparent movement within the bone 
have been recorded Leblond, Wilkinson, Bélanger and Robichon (1950). 
Pecher (1941) has also noted that concentrated spongy rather than 
compact bone. 

The results analysis different bones show that the uptake old animals 
greater the flat bones than the long bones, but the differences between the 
long and flat bones the young not significant. This possibly associated 
with the fact that young animals the long bones contain active red marrow 
throughout, while later the flat bones contain the greater quantity marrow 
and therefore greater area bone surface exposed the circulating isotope. 
obtain accurate estimate the amount isotope retained the skeleton 
soon after injection therefore essential analyse the entire skeleton. Any 
figure obtained calculation based the analysis one two bones (Swift, 
Prosser and Mika, Scott al., 1947; Anthony, Lathrop and Finkle, 1947 
Swift and Prosser, 1947; Jones and Copp, 1951) likely approximate 
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only. The fact that Hodges (1950) found significant differences 
strontium content between the different bones any one human individual 
accounted for presumably the fact that they were studying long-term retention 
only. the present observations between retention the long and 

flat bones became less with increasing time after injection. Anthony, Lathrop 

and Finkle (1947) have presented some data different bones rats, mice and 

rabbits, and conclude that the average distribution radioactive strontium 

from bone bone essentially uniform the three species. Taking the con- 

centration the femur 100 the average concentration all the bones 
was the range 16. For any given bone the maximum individual variation 

was usually about per cent the average value for all animals, and for 

given animal the maximum variation concentration from one bone another 

was about 2-3-fold. attention appears have been paid the relative 

ages any the animals. 

The combination autoradiographic (Kidman al., published) and 
chemical studies suggests that two mechanisms least are involved the 
deposition and the removal from the skeleton 

(i) incorporated sites active calcification probably the form 
strontium phosphate carbonate complex from such areas removed 
the normal process resorption. Uptake and retention this mechanism 
greater young than old animals since the process bone formation 
more active. 

(ii) deposited ionic exchange the surface bone crystals through- 
out the bone, and may penetrate from the surface into the crystal process 
diffusion. their studies strontium uptake bone Jones and Copp 
(1951) appear have ignored the importance this surface phenomenon. 

Taken whole the figures given here for retention the long bones 
confirm certain the findings obtained the autoradiographic studies already 
mentioned. clear that rapidly taken from the circulating blood 
the skeleton, and that deposition within the skeleton more active certain 
areas than others. The areas most active bone growth are those which 
the radioactive isotope most concentrated. Such areas are therefore more 
exposed radiation damage than areas which deposition less. any 
assessment the possible hazard radioactive strontium this selective deposition 
certain parts any one bone must considered. 


SUMMARY. 


The uptake the skeleton single dose given intravenous 
injection extremely rapid: young animals per cent the injected 
present the bone within hours, with consequent rapid lowering the 
blood level. The fall skeletal follows smooth curve for days, reaching 
figure per cent. older animals the uptake equally rapid but reaches 
lower maximum, and the curve for retention falls unevenly and greater 
extent the first days. 

older animals retention greater the flat bones than the long bones. 
This may associated with the fact that young animals there red marrow 
throughout the shaft the long bones, while older animals there more 
red marrow the flat bones. 
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There significant difference retention different long bones different 
bones. 

rabbits 3-4 months the concentration Sr® first greater the 
epiphyseal plate and later the metaphysis; this displacement evidently 
due subsequent bone growth. 

The localized concentration radioactive strontium within the bone must 
remembered considering toxic hazards. 
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